Google 



This is a digital copy of a book that was preserved for general ions on library shelves before il was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

Il has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often diflicult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parlies, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the plus We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a b<x>k is in the public domain for users in the United States, that the work is also in the public domain for users in other 

countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means il can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's hooks while helping authors ami publishers reach new audiences. You can search through I lie lull text of this book on I lie web 
at |http : //books . qooqle . com/| 



h 



. TH] 

' ; ft .'. colleg-e eg fie; 

. IMPERIAL 'Uf f /::■■■■ 

!.r-;;,/ : ; .■ ■.■■"■' -. : ■;- Jjgft.- . : ; : '.-:. 

" :.-•- ;■■'■.'■■ ■'■ 3 A$i V£p 



W 



1! 



-'V • -.x'S. '"-<■'  
PUBLISHED BY. THE ONIVEBSITY. 

'. TOKYO, JAPAN, '■,■':■;'>■■ 
1894. ;. '::". ; 
mehi xxvu: ~ 






xXl 



Publishing Committee. 



Prof. K. YaiTiagawa, Ph-B., ftlgakuhakusht, D.roctor of the College i^ 

Prof. E. Divers, M. D., F. R. S., etc. ,' '; . 

Prof. D. Kikuohl, M. A. Rlgakulrakuiht, • 

Prof. K. Mltsukuri, Ph. D. Blgakubakutht 



All communications relating to this Journal should be addressd to 
Director of the Collage of Science. 



. ". .• 



• ,». • •• • 



. .. . • 



• • • . 

, • • • • 

• • • • 



: •• • • . 



• . • • • • • 



On the After-shocks of Earthquakes. 

by 315333 

F. Omori, RIgakushl. 
I. General . ComuLeratiom. 

§ 1. A strong earthquake is almost invariably followed by 
weaker ones and when it is violent and destructive the number of 
minor shocks following it may amount to hundreds or even thousands. 
When after-shocks are not reported to have happened it is probably 
because they were deemed unimportant to record. Or it may be that 
the seat of origin of the earthquake being very deep or far out under 
the ocean-bed, the after-shocks did not reach the observer. 

Complete records of after-shocks were obtained, I believe, for the 
first time in the cases of the three recent great earthquakes in Japan; 
namely, those of Ivumamoto in 1889, of Mino and Owari in 1891, 
and of Kjigoshimi in 1893. The discussion of these records forms 
the subject of the present paper. 

§ 2. The numbers, daily, monthly, etc., of the after-shocks of 
these three earthquakes, together with other matters relating thereto 
are contained in Tables I — XXII at the end of the paper ; the shocks 
being distinguished as " violent," " strong," and " weak " (or " feeble ") 
according to their intensity ; the total or aggregate intensity of a 
number of shocks is obtained by multiplying each shock by one of the 
coefficients 3, 2, 1, according to its intensity, and taking the sum of 
the numbers so obtained. The after-shocks of the Mino-Owari earth- 
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quake were recorded at the Meteorological Stations in Gifu, Nagoya, 
Tsu, Kyoto, and O.mka; those of the Kumamoto earthquake, first at the 
Prefectural Office, and subsequently at the Meteorological Station in 
Kumamoto; and those of the Kagoshima earthquake at the Police 
Station and the District Office in Chiran in Kagoshima Prefecture. 

§ 3. The number of after-shocks are found to diminish rapidly 
with distance from the origin of the initial earthquake, 1 as may be 
seen from the following list : — 



AFTKR-8HOCK8 OF THE MlNO-OWABI EARTHQUAKE. 


Stations. 


Gifu. 


Xagoya. 


Tsn. 


Kyoto. 


Osaka. 


TOkyO. 


Number of shocks 
daring the first two 
years. 


3365* 


1296* 


314 


125 


70 


3D 


Distance in n* from 
the central part of the 
Neo-Valley.» 


7 


15 


25 


25 


36 


68 



Of the six cities mentioned in the above table, Gifu, Nagoya, and 
Tsu are situated nearly along the axis of the depression which extends 
from the Sea of Ise to the plain of Mino and Owari, while the remain- 
ing three, Kyoto, Osaka, and Toky5 are situated in a line roughly 
perpendicular to this axis. These two sets of places must be regarded 
as distinct. The decrease with distance in the number of after-shocks 
is, in the case of the second group, seen to he more rapid than in the 
inverse ratio. 

In the case of the Kumamoto and Kagoshima earthquakes, the 

1 The origin of the initial earthquake is not necessarily the same with those of the after 
shocks, so that in the immediate neighbourhood of the origins the statement in the text is by 
no means true. 

2 1 ri— 2.41 miles or 3.93 kilometres. 

3 The earthquake of October 28th, 1891 was most violent in the Neo- Valley. See Dr. Koto's 
excellent paper, " On the Cause of the Great Earthquake in Central Japan, 1891." (Jour. Sci. 
ColL, toI. V. pt. IV) ; also § 33 of the present paper. 

4 These nuinliers do not include the shocks within a few hours immediately after the 
toarhquake, whichVere not recorded. See Tables XI and XII, and also § 17. 
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observing stations, Kumamoto and Chiran, may practically be con- 
sidered as being on the respective epi- centres. 

§ 4. Of the 3365 after-shocks recorded at Gifu during the first 
two years, 10 were " violent/' 97 " strong/' 1808 " weak," and 1041 
" feeble," while in the remaining 409 only sounds were heard without 
shocks. From Tables IV and V, it will be seen that, in the days 
immediately succeeding the initial great earthquake, " violent " and 
" strong " shocks occurred very often, but that these became rarer as 
time advanced. Of the 10 " violent " shocks, 9 occurred within the 
first four months and the remaining 1 in September, 1892, twelve 
months after. The " strong " shocks occurred all within the first 
thirteen months, and the " weak " shocks all within the first twenty 
months. It thus seems that at the earthquake-origin great instabilities 
are removed quicker than small ones. Again, the numbers of "weak*' 
and " strong " shocks at Gifu during the first two years are greater 
respectively than the total numbers recorded during the same time 
interval at Nagoya and Osaka. Assuming that the after-shocks all 
originated somewhere near Gifu, 1 it may be concluded that nearly two- 
thirds of these had radii of propagation less than 10 ri and that only 
one- fiftieth had radii greater than 35 ri. 

§ 5. The number of after-shocks of the Kumamoto earthquake 
recorded at Kumamoto up to the end of 1893 is 922, including 1 
"violent" shock which happened on August 3rd, 1889, five days 
after the initial earthquake, 76 " strong " shocks, and 845 " weak " 
and " feeble " shocks and sounds. These shocks all extended over 
small areas, only the " violent " one reaching a distance greater than 
20 n from the origin. 

§ 6. In the crises of the Mino-Owari and Kumamoto earth- 
quakes, all the after-shocks were very much smaller in extent than 

1 See § 33. 
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the initial shocks. In the case of the Kagoshima earthquake, there 
was a second great shock about four months after the first, but the 
two had quite different origins. 1 

The frequency or activity* of after-shocks at a given distance 
from the origin is different for different earthquakes, and depends 
mainly on the magnitude of the initial shock, and at the epicentre, 
of course on the depth of the focus also. I may here state that the 
focal depths of the three great earthquakes we are discussing were all 
comparatively very small, being probably between 2 and 4 ri. 

§ 7. The table following will serve for making a comparison of 
the frequency and activity of the after-shocks of the three earthquakes 
as observed at or near the epi-foci of the latter in the days immediately 
succeeding the initial shocks : — 



Comparison or FRiqnniCT uts Activity or ArriMiocn 



The Kumamoto earthquake took place on July 28th, 1889, at 
llh. 49m., p.m.; the Mino-Owari earthquake, on October 28th, 
1891, at 6h. 37m., a.m.; and the Kagoshima earthquake on September 
7 th, 1893, at 2h. 4Gin., a.m. Though the frequencies and activities 
of the first three groups, (I), (II), and (III), in the above table, which 

1 Sea § 32. 

2 " Frequency " meane the number, and " activity " the total inteniity defined u in § 2, of 
shock* during onj given interval o( time. 
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are put in the same horizontal rows, may not be strictly comparable 
with each other, yet the ratios in the columns (IV) and (V) are seen 
to be in each nearly constant. This will show that the law of decrease 
with time in the frequency or activity of the after-shocks was nearly 
the same, at least in the days immediately succeeding the initial 
earthquake, in each of the three cases. 

The dependence of the frequency or activity on the magnitude 
of the initial disturbance is more clearly shown by the following table 
of total numbers and activities of after-shocks during the first 30 
days and the first 2 years : — 



Time 


(I) MlXO-OWARI EQ. 


(II) KUMAMOTO EQ. 


(III) Kaooshdia Eg. 


(IT) BATIO^ 


(V) RATIO jjjjj 


Interval. 


Number 


Activity 


Number 


Activity 


Number 


Activity 


Number 


Activity 


Number 


Activity 


First SO days. 
2 yean. 


1746 
S3M 


18S1 
S4S2 


140 
8*3 


S8f 

90* 


178 


tn 


f.1 
4.0 


4.8 
S.8 


6.S 


02 



Now the total (land and sea) areas of disturbance of the Mino- 
Owari, Kumamoto, and Kagoshima earthquakes were respectively about 
54000, 6500, and 5000 square ri. The magnitudes of these earth- 
quakes, therefore, if represented by r their areas, are in the ratios of 
11:1.3:1 approximately; i.e., the Mino-Owari earthquake was 
greater by eight or nine times than the Kumamoto earthquake, and 
by eleven times than the Kagoshima earthquake. The frequency or 
activity for the first earthquake is seen from the above table to be 
greater by four or five times than that for the second, and greater by 
six times than that for the third. If we compare together the two 
earthquakes of Kumamoto and Kagoshima, we find that the ratio of 
the frequencies or activities of their after-shocks for the first 30 days 
is 1.3, which is equal to the ratio of their areas of disturbance. 

Thus the proportionality of the frequency or activity to the area 
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of disturbance is not strictly verified between these two earthquakes 
and the Mino-Owari earthquake, and the number of after-shocks 
for the last as recorded at Gifu seems to be comparatively too small. 
It may be that the town of Gifu is not sufficiently near to the district 
which is to be regarded as the proper centre of activity of after-shocks 
of the Mino-(hvari earthquake. The effect that may be due to 
difference of focal depths must also be kept in mind. 

Anyhow the frequency or activity of after-shocks increases with 
the mngnitude of the initial earthquake and therefore can to a 
certain extent be regarded as a measure of the latter. Thus, for instance, 
the Kumamoto earthquake of July 28th, 1889, was followed, on 
August 3rd, five days later, by a second strong shock. According to 
the above criterion, the first shock was double or treble as great as the 
second, the numbers of their after-shocks being in the ratio of 90 : 30 
approximately. 

§ 8. To show the time relation of after-shocks, curves hsive 
been drawn, (Figs. 1,5,6,....), whose abscissae are equal intervals of 
time, and ordinates the numbers or activities of after-shocks during 
these intervals. The form of the curves drawn, in red, through the 
ultimate mean positions will be seen to be very like that of a 
rectangular hyperbola. 

§ 9. The time rate of decrease of the frequency or activity of 
iifter-shocks is at first very rapid, but afterwards becomes slow and 
jisymptotic. As far sis the rate of variation is concerned, the after- 
shock curve may be regarded as consisting of two nearly straight 
portions, during the first of which the rate is great, and during the 
second of which it is small, the turning point occurring sooner with 
smaller earthquakes. In the case of the after-shocks of the Mino- 
Owari earthquake this transition took place ten or twelve days after 
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§ 10. To deduce theoretically the time-relation of the activity (or 
frequency) of after-shocks, it will be assumed, firstly, that the activity 
at any moment is proportional to the magnitude of disturbance in the 
geotechtonic condition then existing at or near the origin of the initial 
earthquake; and, secondly, that the reduction of this magnitude 
depends on the corresponding activity of after-shocks ; that is, it is 
assumed that the after-shocks remove so many points of instability or 
weakness at the origin. It must also be supposed that each of the 
after-shocks has its own series of secondary after-shocks depending 
on its magnitude. 

Let ;/=the activity of after-shocks at any instant of time x ; 
111= the corresponding magnitude of disturbance at or near the origin 
of the initial earthquake, expressed in any arbitrary measure; and A 1 , A*' 
be constants. We then obtain the following two equations : — 

y=k.m; 

— dm = k'.y.dx — k".y.dx, 

whence, by integration, supposing k" to be constant, 

y=a.lr% («) 

a and b being constants. 

The logarithmic time-decrement of the activity of after-shocks 
seems to \ie a likely one, when considered from the analogy of certain 
physical phenomena, but the result obtained by applying equation (a) 
to the records of after-shocks of the three recent great earthquakes is 
not very satisfactory. 

A formula which gives nearly satisfactory results is the follow- 



ing— 






h+x (b) 

in which // is the frequency (or activity) at time a:, 1c and // being 
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constants. This equation which represents a rectangular hyperbola 
may be deduced by taking terms only as far jis the first power of x 
from either of the equations — 



y=lih+r)- 1 +k'(h+xr*+ 



and y= 



p+qx+rx?+ 



where //, fc, k' and /), //, r are constants. 

Equation (/;) implies that the frequency varies nearly in an 
inverse ratio to the time. 

§ 11. The Miiio-Oirari Earthquake. 

Let us apply equation (fc) to the record of after-shocks taken at 
the Gifu Meteorological Station. As may be' seen from Fig. 5, the 
curve of actual frequency presents a series of maxima and minima, and 
in deducing the mean values of the constants k and h from observations, 
the latter must either cover a number of such fluctuations, or be taken 
to be those at an early epoch when the rate of variation in the frequency 
is very great and little affected by periods of long duration. 

Taking the half-daily numbers of earthquakes during the first 
five days, from October 29th to November 2nd, 1891, l and applying 
the method of Least Squares, we obtain the equation 



440.7 



x+2M (c) 



in which x denotes successive intervals of 12 hours, beginning: with 
the first half of October 29th, 1891, and y the corresponding numbers 
of earthquakes. Actual and calculated values of y are tabulated below. 



1 See Fig. C. 
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Hi 



a 






V 




X 


Date. 


y, actual. 


y, calculated. 





1891,10,29, 0— 12 a.m. 


171 


190 


1 


0—12 p.m. 


147 


133 


2 


30, 0—12 a.m. 


109 


102 


3 
4 


0—12 p.m. 
31, 0—12 a.m. 


641 mean, 

7lf 68 - 


70 


5 
G 


0—12 p.m. 
11, 1, 0—12 a.m. 


55) mean, 

set 57 - 


56 


7 
8 


0—12 p.m. 
2, 0—12 a.m. 


41i 
46 


mean, 

44. 


42 


9 


0—12 p.m. 


46J 







Now #=493 represents the half-day interval which is equal 
distant from the beginning and end of the year 1892, and x= 12! 
that of the year 1893. The values of y corresponding to these x 
calculated from equation (c) are respectively 0.9 and 0.36. In t 
actual case, there were 867 and 308 shocks at Gifu during the abo 
two years, giving the average half-daily numbers of 1.2 and 0.42. 1 

It is interesting that equation (c), deduced from the observations 
only a few days immediately succeeding the initial earthquake, th 
represents with tolerable accuracy the frequency of earthquakes 
year or two later on. 

In the curve represented by equation (fr), the point of the mas 
mum curvature occurs at Xz=*/k—h. Substituting the values of t 
constants k and h adopted in equation (c), we find, a; =19, dcnotii 
an epoch of time about ten days after the great earthquake (see § i 

Again, by taking the monthly activities for the successive eighte< 



1 Assuining equation (a) and using the same data as in deducing equation (c), 
obtain 

log y— 2.25 -xX 0.106, 



which gives satisfactory results when x is small, (thus, when x—0, j/«=175; when x« 1, i/—U 
when x«2, y  103, etc.), but fails when x becomes great 
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months, from November, 1891, to April, 1893, we get the foil wing 
equation, — 

„_ 16.9 

y x + 0.397 ' (d) 

in which x denotes time in months, the origin being November, 
1891, and y the mean daily activity during the month x. Now a; =7.5 
represents the middle of the year 1892, and x =19.5 that of the year 
1893. The corresponding values of y calculated from the above 
equation are respectively 2.1 and 0.84, the actual mean daily activities 
of after-shocks in the two years being respectively 2.4 and 0.84. 

If we put f/=iV> equation (d) gives x=510 months or 42 years; 
and if we put y=*V> equation (c) gives #=27000 x £ days or 37 years. 
The meaning is that the seismic activity or frequency at Gifu due to 
the residual effect of the great earthquake after about forty years from 
the initial date may be such that one " weak " or " feeble " shock 
occurs in each month. Making great allowance for error of calcula- 
tion and quartering the above figures, we may conclude that at least 
some ten years will elapse before the disturbed tract about Gifu can 
practically regain its stability, that is before the activity or frequency 
of after-shocks at that place reduces to the state of having one small 
shock per month. 

The above conclusion, though only the result of rough approxima- 
tions, seems a very likely one, when considered in reference to the 
Kumamoto earthquake of July 28th, 1889, which was far smaller than 
the Mino-Owari earthquake, and whose after-shocks are still occurring 
at the present day, about 4J years after. 

§ 1 2. The variation with time of the frequency or activity of 
after-shocks of the Mino-Owari earthquake is comparatively simple, 
and none of these shocks was of a magnitude comparable with that of 
the initial earthquake itself. A few of the after-shocks, such as those of 
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January 3rd and September 7th, 1891, were pretty severe and followed 
by their own (secondary) after-shocks, fifty or more in number. Their 
residual effects were, however, of very short durations, being sensible 
only for a month or two. Besides, in deducing equation (<:), all the 
after-shocks during the first eighteen months, some of which were due 
to the severe ones above named, were taken account of, and, therefore, 
the conclusion stated at the end of the last paragraph will not be 
materially affected by the occurrence at future times of similar severe 
after-shocks in the Mino-Owari district. 

§ 13. The Kumamoto Earthquake. 

The district about Kumamoto is steadily settling down to equili- 
brium, and there has thus far been no new great earthquake. 1 The 
rate of decrease of the frequency of after-shocks seems in this case to 
tend finally to be a little quicker than according to equation (b). The 
mean annual frequency at Kumamoto is very well represented by the 
following equation, — 

1 

y O.OtHS+xxO.OCil+^xO.CXHa ' (e) 

in which x denotes time, in years, 1890 being the origin, and y the 
corresponding yearly number of earthquakes. The values of y cal- 
culated from this equation for the years 1890, 1891, 1892, and 1893 
are respectively 208, 89, 38, and 20, agreeing exactly with the actual 
numbers for these years. 

According to equation (e), the numbers of earthquakes for the 
years 1894, 1895, and 1896 would be respectively 12, 8, and 5. 
Now, before the earthquake of July 28th, 1889, the average yearly 
number of shocks at Kumamoto had been 3 or 4. We may, therefore, 
conclude that it would be about seven or eight years from the date of 

1 See Fig. 4. 
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the initial earthquake before the number of shocks in the disturbed tract 
about Kumamoto can attain its original yearly average, if at all. 

§ 14. We have seen (§ 7) that the number of after- shocks of 
the Mino-Owari earthquake during the first two years is about four 
times greater than that of the Kumamoto earthquake during the 
corresponding interval of time. If we now assume that the seismic 
frequency at Gifu after a given interval of time from the Mino-Owari 
earthquake is always greater by this ratio than that at Kumamoto after 
an equal interval from the Kumamoto earthquake, the result inferred 
from the analogy of the latter is that some nine or ten years will 
elapse before the yearly number of earthquakes at Gifu is reduced to 
ten or twelve (compare § 11). 

The great earthquake of October 28th, 1891, must have removed 
the principal geotechtonic instability which had existed beneath 
the Mino-Owari district, and in this part of the country the present 
epoch of seismic activity will be followed probably by one of rest. 
The average yearly number of earthquakes at Gifu before 1891 was 
about 15. 

§ 15. I shall here remark that the space distribution of seismic 
energy as represented by the relative number of earthquakes during a 
given interval of time may vary from time to time, and particularly 
with the occurrence of great earthquakes. In general there is a coin- 
cidence between the distribution of destructive shocks and that of 
ordinary minor ones, and the latter may be the consequences of the 
former. In Japan the seismic activity, as far as small earthquakes 
are concerned, is much greater on the Pacific than on the Japan Sea 
side, and so is it with destructive shocks, of which 57 °/ took 
place on the Pacific side, 28°/o on the Japan Sea side, and only 
the remaining 15 °/ remote from either. More especially the 
great shock of the 1st year of Ansei (1854), which affected severely 
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almost the whole of Japan, might have had some share in making the 
distribution of seismic energy in this country such as it is at the 
present day. 

§ 16. Digression on the Seismic Freijuency in Tokyo. 

In connection with this subject, it may be interesting to examine 
whether there has been in recent years a secular variation in the 
seismic frequency in Tokyo. 

The systematic instrumental observation of earthquakes at Tokyo 
dates from the 8th year of Meiji (1875) and has now been continued 
for more than eighteen complete years. At first the record was 
taken by means of Palmieri's seismograph, but since 1887, it has been 
taken by means of the Gray-Milne seismograph. The numbers of 
earthquakes during eighteen years (1876-1893) are given in the 
following table : — 



(I) RbCOBDBD BT PAX.mXRl'8 SEI8MOOBAPH. 



Year. 


Total dumber 
of Eqks. 


Tremors. 1 


Difference. 




1876 


56 


38 


18 




1877 


71 


40 


31 




1878 


50 


21 


29 




1879 


70 


30 


40 


Average of 
•• Difference." 


1880 


77 


32 


45 


= 34.7* 


1881 


66 


32 


34 




1882 


46 


19 


27 




1883 


32 


12 


20 




1884 


68 


25 


43 




1885 


68 


38 


30 




1886 


54 


4 


50 





1 " Tremors " mean those shocks whose direction of motion was not distinctly shewn by 
Palmieri's Seismograph. 

2 The Central Meteorological Observatory, where the record has been taken, was moved 
in 1883 from its old position in the southern part of TokyS to its present one in the Castle 
grounds. The observation during that year might be imperfect and is rejected in taking the 
average number of earthquakes. 
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(II) RCCOBDBD 


BT TUB Qb*.T-MiL1»1 SEISMOGRAPH. 




Year. 


Total Xumber 
of Eqlcs. 


Tremors.* 


Difference. 




1887 


80 


44 


36 


• 


1888 


101 


64 


37 




1889 


113 


75 


38 


Average of 
" Difference." 


1890 


93 


60 


33 


= 33.3 


1891 


97* 


49» 


48 




1892 


73 


52 


21 




1893 


59 


39 


20 





As far as the total number of recorded earthquakes is concerned, 
the frequency appears to be greater in the later epoch, (II), than in 
the earlier, (I). But, as the record of the number of tremors or very 
small shocks may have been modified by the change in sensibity with 
the change of instrument we can safely take only those shocks whose 
motion was distinctly registered, and then we see that their average 
yearly number is nearly identical in the two groups (I) and (II).* 

The Yedo (Tokyo) earthquake of the 2nd year of Ansei (1855) 
took place 21 years before 1876, and 38 years before 1893. The 
above table shews that the residual effect of this earthquake had 
ceased to be sensible before 1876, and that the mean seismic frequency 
in Tokyo has remained ever since practically constant. It may here 
be remarked that the intensity of motion in Tokyo on the occasion 
of the earthquake of the 2nd year of Ansei was far less than that in 
the Neo- Valley and neighbouring tracts on the occasion of the recent 
Mino-Owari earthquake, the former earthquake being also smaller in 
extent than the latter. 

§ 17. On the Estimation of the Probable Total Number of After- 

1 "Tremors" here mean those shocks whose motion was too small to be distinctly 
measured by the Gray-Milne seismograph, 

2 See Xote to Table XVII. 
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shocks of a Given Earthquake. — If the time relation of the frequency of 
after-shocks of an earthquake be represented by an equation, we can 
readily calculate from it their approximate total number. Thus, if 
!foi ?/i> //«•••?/• be values of y corresponding to #=0, 1, 2. ..w, we see that 



*— l /•» n 



from which inequality we can approximately estimate the total number 
(or activity) of after-shocks, namely, 2y w , n being made suitably 



great. To take an example, we have, from equation (c), for the Mino- 
Owari earthquake, — 

x$ ^ ***» i / 1459+2.31 \ . ,„^ « 
]?y m > 440.7 x log to ( ^ ) xlogJO > 2>„ 



14*1 14K 



or 2>« > 2840 > 2>, 

l> 1 

in which ;/ denotes the number of shocks at Gifu during twelve 
hours, from to 12 a.m., on October 29th, 1891, and is equal to 
190, the total number of shocks during two complete years, from 
October 29th, 1891, to October 27th, 1893, being denoted by the sum 

1489 

2]//*. The calculated value of the latter thus comes out to be 2900 or 



2950. The corresponding actual number is 3257. 

Similarly the calculated total number of shocks during ten years, 

ran 

or the sum ^y m , is found to be some 3600. 



Now the great earthquake of October 28th, 1891, took place at 
6.37 a.m., and the record of after-shocks at Gifu was not taken till 
about 2 p.m. of the same day, the number recorded during the 
remaining 10 hours, from 2 to 12 p.m., being 101. The total 
number of shocks during the above initial diy was probably not less 
than 300. 

From these considerations I conclude that the entire number 



126 F. OMOBI. 

of after-shocks of the Mino-Owari earthquake disturbing the vicinity 
of Gifu is about 4000. 1 

Some of the great earthquakes in the world had areas of disturbance 
many times bigger than the Mino-Owari earthquake, and we may 
assume that 10000 is probably the highest possible total number of 
after-shocks of an earthquake. 

The after-shocks of the Kumamoto earthquake are now approach- 
ing the end and their total number is 950 or 1000, 

§ 18. The Kagoshima Earthquake. 

The Kagoshima earthquake took place on September 7th, 1893, 
and is yet only a few months old. Making an estimate from the record 
already obtained of its after-shocks (see Figs. 15 and 16), we find 
that, at Chiran, the epi- focal tract, they may continue for three or 
four years, and that the total number may be some six hundred. 

The earthquake took place at about 2.46 a.m. and the record of 
its after-shocks was not taken till about 9 p.m. of the same day, there 
being during this interval probably some 100 shocks. Making this 
addition, the total number of shocks at Chiran during about five 
months, up to the end of January, 1894, is nearly 480, being less 
than the number of shocks at Kumamoto during the corresponding 
interval of time after the earthquake of July 28th, 188!), which may 
be taken in round numbers as 600. 



77". On the Periodicity of the Frequency of 

Aftershocks, etc. 

§ 19. What has been said so far about after-shocks relates to 
the ultimate mean time-relation of their frequency or activity. When 

1 It must be remarked that the conclusions regarding the after-shocks of the Mino-Owari 
earthquake thus far stated are supposed to hold for Gifu, and may not hold necessarily for 
other places which are not sufficiently near to the principal epi-focal tract. 
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examined particularly, however, there are to be seen in the variations 
of the latter various sets of periodic fluctuations (see Figs. 1, 2, 3, 5, 
etc.). 

Earthquakes being isolated or discontinuous events from the 
nature of their causes, we can from analogy readily conceive why 
the frequency of those after-shocks which happen in close succession, 
should present a series of well-marked maxima and minima. 

The fluctuations in the decrease of the frequency of after-shocks 
of an earthquake may be of two kinds ; namely, those which are 
proper to the earthquake under consideration, and those whose 
maxima and minima occur at fixed epochs. The former are of the 
nature of forced oscillations and may disappear after a time; while the 
latter are of the nature of free oscillations and may become finally 
predominant. 

The amplitude of the fluctuations would evidently increase with 
the magnitude of the earthquake. 

As far as I can ascertain from the records of after-shocks there 
are, besides the diurnal and annual fluctuations, six different series of 
periods in the variation of the frequency, whose lengths range from a 
few hours to several months. 

These various periods have been obtained by drawing curves 
through the mean positions of points whose abscissae are equal time- 
intervals of 1 hour, 2 hours, 6 hours, 1 day, 2 days, 5 days, 10 days, 
or 1 month, and whose ordinates are the numbers of earthquakes during 
the corresponding intervals. The results given below were obtained 
by a direct measurement from Figs. 1, 2, 3, 5, etc. 

§ 20. The Kumamoto Earthquake. 

The curves of daily and 2-daily earthquake frequencies (Figs. 2 
and 3) respectively indicate periods whose average lengths are 4.6 
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The curves of 5-daily and 10-daily earthquake frequencies .seem 
to indicate periods whose average lengths are about 33 days and 
3 months respectively. 

The curve of monthly earthquake frequency (Fig, 1) indicates 
distinct fluctuations, of which there are seven between August, 1889, 
and December, 1893. The dates of maximum and minimum fre- 
quencies as given by the curve are as follows : — 

Maximum. Minimum. 

October, 1889, September, 1889, (?) 

May, 1890, February, 1890, 

February, 1891, November, „ 

October, „ August, 1891, 

May, 1892, February, 1892, 

October, „ August, „ 

„ , 1893. between March and August, 1893. 

The successive intervals between the earlier well-defined maxima 
or minima are from 7 to 9 months. 

§ 21. The Mino-Owari Earthquake. 

The curve of hourly earthquake frequency for Gifu (Fig. 10) 
indicates a period of 8 or 9 hours, and also a shorter one of about 4 
hours. The former is clearly shewn in the curve of 2-hourly earth- 
quake frequency (Fig. 11), which gives an average length of 9 hours. 

The curve of hourly earthquake frequency for Nagoya (Fig. 12) 
indicates regular fluctuations, whose average length is about 4£ hours, 
and amongst which prominent maxima, marked a, 6, c, d, e, /, occur 
at successive intervals of nearly twenty-four hours, shewing an 
evident diurnal variation. The curve of 2-hourly earthquake fre- 
quency indicates a period of mean length of about 9 hours. 

The curves of daily, 2-daily, and 5-daily earthquake frequencies 
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for Gifu (Figs. 7, 8, and 9) indicate respectively fluctuations, whose 
average length are 4£, 12.3, and 33 days. Longer periods are not 
evident. 

The curve of monthly earthquake frequency for Gifu (Fig. 5) 
indicates four maxima and minima between November, 1891 and 
December, 1893, whose dates are as follows. — 

Maximum. Minimum. 

April, 1892, June, 1892, 

September, „ February, 1893, 

April, 1893, June, „ 

September, „ December, „ 

The intervals between successive maxima or minima are from 4 
to 8 months. 

§ 22. The Kagoshima Eartlupiake. 

The curves of daily and 2-daily earthquake frequencies for Chi ran 
(Figs. 16 and 17) indicate respectively periods whose average lengths 
are 4.4 and 12 days. The curve of 5 -daily earthquake frequency 
(Fig. 18) seems to indicate a period whose average length is about 
33 days. 

The Kagoshima earthquake is not yet sufficiently old to give 
indications of longer periods. The after-shocks of this and of the 
Kumamoto earthquake were not numerous enough to enable us to 
draw curves of hourly frequencies. 

§ 23. We have before noted that a few severe after-shocks are 
likely to be followed by their own after-shocks. It might be sup- 
posed that the maxima, which occur in the curves of monthly earth- 
quake frequencies (Figs. 1 and 5) represent merely the effects of such 
shocks and not the real fluctuations in the residual effect of the initial 
earthquake itself. But the fact is, on the contrary, that strong shocks 
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occurred when the frequency was going to reach a maximum, as with 
the earthquakes of January 10th, 1894, and of September 7th, 1892 
(see Figs. 5 and 26). In the case of the latter earthquake, a maxi- 
mum frequency took place indeed at Gifu, which was quite near the 
origin, in the same month (September); but, at Mitake, a town about 
7 ri from the origin, greater numbers of shocks were recorded in the 
following two months. The three other maxima of frequency for 
Gifu which took place on April, 1891, and April and September, 1893, 
were accompanied by no particularly severe shocks. Similarly with 
the maxima in the monthly earthquake frequency for Kumamoto. 

In the case of the Mino-Owari earthquake, some of the after- 
shocks are doubtless to be regarded as " fore-shocks " of the stronger 
ones which followed. 

§ 24. The Diurnal Fluctuation of the After-shock Frequency. 

The diurnal and annual fluctuations of the earthquake frequency 
have been discussed by various European investigators. The results 
obtained by Perry, Mallet, and others, however, are more or less 
doubtful, as they were chiefly based on statistics of vulgar records. 
In the present instance, after-shocks have been recorded at meteoro- 
logical stations provided with seismographs, and the results here 
deduced should have therefore far greater weight than those hitherto 
obtained. 

The curves of six-hourly earthquake frequencies for Gifu and 
Niigoya (Figs. 13 and 14) indicate the daily fluctuation very clearly. 

The Mino-Owari earthquake took place on the morning of 
October 28th, 1891, and during the next thirteen complete days, from 
October 29th to November 10th, there were 1258 shocks at Gifu and 
572 shocks at Nagoya. The distribution of these shocks in the 
twenty-four hours of the day are shewn in Fig. 19, (1) and (2) (see 
Tables XIII and XIV). 
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The curve of the diurnal earthquake fluctuation for Gifu (Fig. 19, 
(1)) indicates distinctly three maxima, which occur respectively 
between 4 and 5 a.m., between 11 a.m. and noon, and between 6 and 7 
p.m., and three minima which occur respectively between 9 and 10 
a.m., between 3 and 4 p.m., and at 11 p.m. The intervals between 
successive maxima are 7, 8, and 9 hours, and those between successive 
minima 6, 8, and 10 hours. 

The corresponding curve for Nagoya (Fig. 19, (2) ) indicates six 
more or less distinct oscillations, giving a mean period of 4 hours. 

It is evident (see § 21) that both the 4-hour and the 8-hour 
periods existed together, but that the longer period predominated in 
the diurnal earthquake frequency for Gifu and the shorter one in that 
for Nagoya. 

The curves drawn in red (Fig. 19, (1) and (2)) seem to indicate a 
very slight diurnal variation of the mean frequency, the minimum 
occurring between 1 and 2 p.m., and the maximum at about 1 a.m. 

The hourly distributions of 148 shocks at Kumamoto during 
fourteen days, from July 31st to August 13th, 1889, and of 233 
shocks as Chiran during an equal time interval, from 8th to 21st, 
September, 1893, (see Tables II [ and XVI), are, as shewn in Fig. 20, 
very similar respectively to those for Gifu and Nagoya. 

§ 25. The Annual Fluctuation of the After-shock Frejiicncy. 

Curves (1), (2), and (3), Fig. 21, shew the annual fluctuation of 
after-shock frequency at Kumamoto averaged respectively for four 
years (1890-1893), three years (1891-1893), and two years (1892- 
1893). The first curve indicates three maxima which occur respec- 
tively in March, May, and October; and three minima which occur 
respectively in April, between August and September, and in Decem- 
ber. The curves drawn in red indicate the annual variation of the 
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The Mino-Owari and the Kagoshima earthquakes are not yet 
sufficiently old to give positive results respecting the annual fluctuation. 

§ 26. We have, in §§ 20, 21, and 22, found various periods of 
the after-shock frequency whose lengths vary from a few hours to 
several months. The five periods of about 4 hours, 8 or 9 hours, 4 J 
days, 12 days, and 33 days, seem to occur constantly in after-shocks 
of different earthquakes. Besides these, there may exist also a con- 
stant period of some three months, (see § 20). But the longest period 
is different in the cases of the Mino-Owari and the Kuinamoto earth- 
quakes, the average length being about 6 months in the former and 
8 months in the latter. 

To see whether these periods and the diurnal and annual fluctua- 
tions stated in §§ 24 and 25 can be identified in the frequency of 
ordinary earthquakes, we shall next consider the seismometrical 
observations in Tokyo and over the whole of Japan. 

§ 27. (a) Seismometrical Observations in Tokyo. 

The hourly distribution of 1168 earthquakes recorded instru- 
mentally at Tokyo during sixteen years, from 1876 to 1891, (Table 
XVIII), 1 is shewn in Fig. 19, (4). The diurnal fluctuation presents 
three maxima, which occur respectively between 9 and 10 a.m., between 
3 and 4 p.m., and between 8 and 9 p.m.; and the three minima, which 
occur respectively between 2 and 3 a.m., between 11 a.m. and noon, 
and between 6 and 7 p.m. The intervals between successive maxima 
are 6, 5, nnd 13 hours, and those between successive minima 9, 7, and 
8 hours. The mean curve, drawn in red, seems to indicate a 
verv slight diurnal variation, of which the maximum occurs in the 
evening and the minimum in the early morning. 

The monthly distribution of 1300* earthquakes instrumen tally 

1 Tables XVIII and XIX are taken, by permission, from the Earthquake Report of the 
Central Meteorological Observatory. 
SB See the note to Table XVII. 
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recorded at Tokyo during eighteen 3 T ears, from 1876 to 1893, (see 
Table XVII) is shewn in Fig. 21, (4). The curve presents three 
maxima which occur respectively in March, May, and December; and 
three minima which occur respectively in January, April, and August 
or September. 1 

(h) Seismometrical Observations over All Japan. 

The hourly distribution of 3842 earthquakes in Japan during six 
years, from 1885 to 1890, (see Table XIX), is shewn in Fig. 19, (3). 
The diurnal fluctuation presents again three maxima, which occur 
respectively between 2 and 3 a.m., between 2 and 3 p.m., and between 
10 and 11 p.m., the successive intervals being 12, 8, and 4 hours; and 
three minima, w ? hich occur respectively betw r een midnight and 1 n.m., 
between 8 and 9 a.m., and between 5 and 6 p.m., the successive 
intervals being 8, 9, and 7 hours. The mean curve, drawn in red, 
seems to indicate a slight variation, having a maximum in the early 
morning and a minimum in the evening. 

Fig. 19, (5) shews the hourly distribution of 5333 earthquakes 
in Japan, including the after-shocks of the Mino-Owari and the 
Kagoshima earthquakes, (see Table XX). The character of the curve 
is very similar to that in Fig. 19, (3) above described. 

The monthly distribution of earthquakes during the same six 
years 2 is shewn in Fig. 21, (5). The annual fluctuation indicates 
three maxima, occurring respectively in February, May, and November; 
and three minima, occurring respectively in April, August, and 
December. 

§ 28. Conclusions. 

Three distinct maxima and minima occur in the diurnal fluctua- 
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earthquakes. The hours at which these occur seem to be different for 
different localities and therefore these may not each be shewn, 
when we mix up earthquake records from distant places of the world 
together. Whether there are more earthqunkes during the night than 
during the day is not certain, as may be inferred from the mean curves 
drawn in red. 

The 4-hourly and 8-(or 9) hourly periods indicated in the curves 
of hourly earthquake frequency (Figs. 10, 11, and 12) are evidently 
due to the above diurnal fluctuation. We have not at present .suf- 
ficient data to determine whether other three constant periods of 4 £, 
12, and 33 days occur likewise in the frequency of ordinary earth- 
quakes. 

With regard to the annual fluctuation, it is to bs noted that all 
the maxima and minima of the monthly after-shock frequency for 
Kumamoto (§ 20), with the two exceptions next mentioned, occurred 
in exactly, or nearly, the same months as the maxima and minima 
of frequency for all Japan (§ 27, (b)). Only the second and third 
minima at Kumamoto (§ 20) took place respectively in February and 
November, (1890), which are generally months of maximum earth- 
quake frequency. These may denote fluctuations due to the " proper" 
period of the Kumamoto after-shocks. 

Again, the four maxima of the monthly frequency for Gifu 
(§21) occurred in April and September, which are generally months 
of minimum earthquake frequency. These may denote the fluctua- 
tions due to the " proper " period of the Mino-Owari after-shocks. 
Of the four corresponding minima, three occurred in months of 
minimum frequency, and one in a month of maximum. 

As already remarked, strong shocks seem to have a tendency to 
happen when the frequency is going to reach a maximum, and it 
is interesting to find that of the four severest after-shocks (three of the 
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Mino-Owari, and one of the Kagoshima earthquake) three took place 
in January and one in September. I believe that periodicity plays a 
very important part in the frequency of earthquakes, and its attentive 
study may be of help in the prediction of changes in seismic activity 
and other events. 

I shall here confine myself to merely stating the facts. Theore- 
tical speculations on this interesting branch of the earth's physics are 
reserved for a future occasion, when more materials respecting after- 
shocks shall have been obtained. 

§ 29. Again of the Seismic Frequency in Tokyo, etc. 

As seen above, after-shocks indicate many periods in the variation 
of the seismic frequency whose lengths range between a few hours and 
one year. It is of course possible that there should exist periods of still 
longer duration. We shall here again consider the seismic record 
taken by instruments in Tokyo during eighteen years from 1876 to 
1893. 1 The curve of monthly earthquake numbers, a portion of 
which is shewn in Fig. 22, indicates very clearly the existence of the 
annual period. There seem to exist also fluctuations of a few 
months' duration, of which, for instance, I can count more or less 
distinctly — 

10 during 30 months between January, 1876, and April, 1879; 

15 „ 50 „ „ September, 1882, and November, 1885 ; 

and 15 „ 50 ,, „ November, 1885, and January, 1891; 

The average length of the period is 3.5 months. 

The curve of yearly earthquake numbers at Tokyo (Fig. 23) 
shews fluctuations, the maxima of which occurred in the years 1880, 
1884-5, and 1889, and the minima in the years 1878, 1883, 
and 1886, there being besides these a slight maximum in 1891. The 
average length of the j>eriod is 4 years. 

1 Sue Table XVII. 
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The mean curve (drawn in red), Fig. 23, seems to indicate the 
existence of a period 1 whose length is some 12 years. 

One interesting fact is that the three severest of all the earth- 
quakes recorded at Tokyo during the eighteen years, namely, those of 
February 2nd, 1880, of October 15th, 1884, and of February 18th, 
1889, happened respectively in the years which mark, exactly or 
nearly, the epochs of successive maximum frequency. It may likewise 
be the case that the maxima of the longer (12 years) period may often 
be marked by great earthquakes. 

It may hereby bo remarked that the greatest monthly earthquake 
number, namely 45, ivas recorded in October, 1891. Of these, 28 
happened within four days immediately after the great Mino-Owari 
earthquake (which took place on the 28th of the same month), and 
the remaining 17 before the latter, so that the proper number of 
earthquakes in Tokyo may be assumed to have been 17xif, or 19.* 
Of the other 225 monthly numbers the next greatest namely 18, 
occurred in April, 1889. 

A good exampb of the occurrence of destructive earthquakes at 
rather regular intervals is found in the seismic frequency for Kansu, a 
Department in the north-western corner of China, where the intervals 
between successive paroxysmal epochs range from 15 to 64 years, 
giving the mean length of 33 years. 8 

To discover periodicity in seismic frequency we must treat records 
of earthquakes for different localities separately. By way of example, 
in Fig. 23, (^), (B), (C) and (D), are shewn the curves of yearly seismic 
activity during 19 years, 1865 to 1883, in Switzerland, the Vesuvian 

1 If the sensibilities of the seismographs by which the record of shocks has been made have 
been different in the earlier and later years, the chief consequence will have been to affect 
slightly the amplitude. 

2 At Gifu only one earthquake had been recorded in October, before the 28th. 

3 See the present author's paper, •• On Chinese Earthquakes/' Sets. Jour. VoL I. 
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district, Sicily, and in the Balkan Peninsula and neighbouring 
Islands. 1 The curves for the Vesuvian district and Sicily shew each 
a series of periods of about 5 years; and that for Switzerland shews one 
well-defined of 12 years besides some ill-defined fluctuations of shorter 
average length. It will be observed that the maxima and minima of 
seismic activity for the two Italian districts occurred simultaneously, 
but at quite different epochs from those for Switzerland. 

§ 30. To investigate the relations, if any, between earthquakes 
and the phases of the moon, sun-spots, temperature of the atmosphere, 
etc., seems not likely to lead to valuable results and would be, as 
Mallet remarked, a waste of scientific time and labour. With atmos- 
pheric changes of pressure it may be different and I shall here, there- 
fore, treat shortly of the possible connection of the barometric height 
with the frequency of after-shocks. 

In Table IV are given the mean barometric heights and the fluctua- 
tions during successive days from October 28th, 1891, to April 30th, 
1892. It seems that earthquakes happen equally often with low as 
with high pressures. Thus from an examination of the record of the 
daily seismic frequency at Gifu, I can count, between the above dates, 
55 maxima and 55 minima in the frequency, and the means of the 
barometric heights corresponding to these two sets are respectively 
762.64 and 763.34 mm., which are practically identical. 

Again, big barometric falls of 10 or 20 mm. or rises of 5 or 10 mm. 
were not accompanied by any marked change in the seismic frequency. 

A single abrupt change in the atmospheric pressure is not likely 
to be accompanied by any fluctuation in the frequency of earthquakes. 
If, however, barometric changes, whether small or great, occur at 
regular intervals, then the earth s crust may finally assume certain 
corresponding oscillations. Thus the daily and annual fluctuations in 

1 The data are taken from Fuchs' " Statistik der Erdbeben von 1865-1885 " ; see Table XXI. 
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the seismic frequency may partly be due to those in the atmospheric 
pressure. Especially are the curves of the annual barometric and seismic 
fluctuations very similar to each other. 

III. On the Distribution of After-shocks, etc. 

§ 31. We shall lastly consider more particularly the magnitude 
of after-shocks and their distribution. 

Earthquakes are produced when strains in the earth's crust reach 
a certain limit, and, as a very great shock would remove a correspond- 
ingly great underground instability, it is probable that such a shock 
would not, for a long time, be followed by another of a magnitude 
comparable to its own, in the same or a neighbouring district. When, 
however, the initial shock is not very great, it may be followed by 
another like it, and, even in this case, the position of the origin of the 
second shock would usually be quite distinct from that of the first. 

The above statements can well be illustrated by the four recent 
destructive earthquakes in Japan, namely, those of Mino-Owari, of 
Noto, of Kumamoto, and of Kagoshima ; the three last ones were 
much smaller than the first, which was indeed very great and violent. 

§ 32. The Kumamoto earthquake of July 28th, 1889, was 
followed five days later, on August 3rd, by a second shock, which 
was, however, as we have already seen (§ 7) only one-half or one- 
third as great as the first. All the other after-shocks were much weaker. 

The Noto earthquake of December 9th, 1891, was followed, two 
days later, on the 11th of the same month, by a second severe earth- 
quake. These two had nearly an equal area of disturbance, and the in- 
tensity of motion near the epicentres was almost the same. Their origins 
were, however, different, the epi-centre of the first shock being at a 
point, latitude 37M' X, longitude 136° 40' E, or in the sea at about 
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1£ or 2 ri to the SSW of the Togi-inuru, Hagui District (Noto 
province); and that of the second shock at a point about 2 ri to the 
SSE of that of the first, also in the sea and near to the town of 
Takahauia in the same district. All the shocks in Noto which fol- 
lowed these two were small. 1 

The Kagoshiina earthquake of September 7th, 1893, was followed, 
on January 4th, 1894, about four months later, by a second shock whose 
area of disturbance was a little greater than that of the first. These 
two shocks again originated from different centres. The epicentre 
of the first shock was inland and near Chiran-mura in the Kiire 
District, at about 7 ri to the SSW of Kagoshima; while that of the 
second shock was in the sea at about 2 ri to the west of Noma- 
saki, the distance between the two epi-centres being about 10 ri. The 
damage caused by the first shock was much greater than that by 
the second. The effect of the second shock on the frequency of earth- 
quakes at Chiran was merely to increase slightly the amplitude of the 
period of seismic activity during which it occurred (at the epoch 
marked a, Fig. 15). 

In the case of the Mino-Owari earthquake, all the subsequent 
shocks, more than 3000 in number, were far smaller than the initial 
one itself. It is to be remarked that the three severest of these 
numerous after-shocks, namely, the earthquakes of January 3rd and 
September 7th, 1892, and of January 10th, 1894, all originated in 
the Mino-Owari Plain, and not in the Neo- Valley, wherein indeed no 
very strong shock has ever occurred since the date of the first great one. 

§ 33. The Mino-Owari Earthquake. 

It thus seems that the Neo- Valley, or the principal epi-focal 
tract, is steadily settling down to equilibrium, while the Mino-Owari 
Plain, having probably lines of weakness under it not completely 

1 Unfortunately the after-shocks of the Noto earthquake were not carefully recorded. 
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removed by the e:uthquake of October 28th, 1891, has been affected 
by the severe shocks mentioned above. It may be that the latter tract 
is still to be disturbed in future by a few such shocks, which, however, 
will then be of only secondary magnitude and not so violent as to 
destroy houses. 

Soon after the great earthquake of October 28th, 1891, temporary 
seisinological observatories were established at Ogaki and Midori to 
cooperate with the Meteorological Stations of Gifu and Nagoya. I 
have myself passed, in the latter part of November and the early 
part of December, 1891, several days at Midori and Okawara, the 
latter of which is a small village about 5 ri to the NNW of the former. 
Again the town of Gifu is about 7 ri to the SSE of Midori, which is 
in the central part of the Neo- Valley, where remarkable faults have 
taken place. In the following table are compared the daily numbers 
of earthquakes I have recorded at Midori and Okawara with those 
observed at Gifu : — 



Date! "^-^ ^^^ 


Gifu. 


Midori. 


Okawara. 


November 22nd, 1891 


12 


7 


• • • 


23rd 


23 


9 


• • • 


• • • 

25th 


• • • 

9 


• • • 

• • • 


• • • 

5 


26th 


15 


• • • 


15 


27th 


11 


• • • 


10 


28th 


16 


• • • 


7 


29th 


19 


• • • 


6 


30th 


14 


3 


• • • 


December, 1st, „ 


7 


2 


• • • 


2nd 


16 


7 


• • • 


3rd 


17 


4 


• • • 
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■—  — ~________^ Place. 

Date! ' —  — -_^^ 


Qifu. 


Midori. 


Okawara 


December, 4th, 1891 


18 


11 


•  • 




5th 


32 


3 


• • i 




Oth 


7 


G 


• • • 




7th 


8 


5 


• • < 




8th 


1!) 


4 


• • < 




!)th 


22 





 • • 




10th 


22 


8 


• • • 




11th 


14 


5 


• • < 




12th 


28 


12 


• • t 




13th 


14 


2 


• • • 




14th 


23 


11 


• • • 





The results contained in the above table are graphically repre- 
sented in Figs. 24 and 25. Fig. 24 shews that the number of earth- 
quakes at Okawara was a little less than that at Gifu, and that the 
seismic frequencies at the two places did not synchronize in the occur- 
rence of maxima and minima. Fig. 25 shews that the seismic 
frequency at Gifu synchronized in the occurrence of maxima and 
minima with that at Midori, but that at the latter place it was generally 
less than half what it wjis at the former. 

From the above we may conclude that the after-shocks which 
were felt at Midori were in the main the same as those felt at Gifu, but 
that the latter place was much nearer to the principal centre of these 
shocks than the former'; also that the shocks which were felt at 
Okawara had mostly proceeded from a centre different from and less 
active than that of the shocks at Gifu. 

Thus it seems that the activity of after-shocks at the principal 
epi-focal tract was distinctly less than at the regions to its north and 
south. Again, from what I can infer from information or from my 
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rnvn experience while travelling in the valleys of the Ibi-kawa and 
the Mngi-gnwn, which arc respectively to the west and east of the 
Neo- Valley, the activity of after-shock* in these two valleys was less 
than in the hitter. 

It is difficult to determine the exact position of the most active 
centre of after-shocks, but it was situated somewhere to the south of the 
Neo- Valley for some time immediately succeeding the great earthquake 
of October 28th, 1891, quite near to Gifti and probably in the tract 
adjoining the town on the west. 

lielow nre tabulated the monthly numbers of earthquakes recorded, 
from November, 1891, to February, 1894, at various places in the 
three provinces of Mino, Owjiri, and Mikawa ; — 
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Earthquake reports from District Offices and other stations in the 
Aichi Prefecture, i^e., in the two provinces of Owari and Mikawa, 
have been sent in satisfactorily, and the numbers of shocks for these 
as tabulated above are practically correct. The numbers as recorded 
at the Gif'u Meteorological Station and three District Offices in eastern 
Mino, namely, those at Mitake, Takayamn, and Nakatsugawa, are also 
accurate; the records at other stations in the province, however, are 
imperfect and give only the numbers of stronger shocks. 

During 1891 and 1892 the greatest number of earthquakes was 
recorded at Gifu. It is likely indeed that shocks may have been more 
accurately recorded at a meteorological station than at District Offices, 
but I believe the number of shocks was actually greatest in the 
vicinity of Gifu for some time after the great earthquake. 

The records during 1892 for the six places in the western part of 
Mino, namely, Kitagata, Ibi, Tarui, Takatn, Takasu, and Ogaki, were 
month by month nearly alike, the highest seismic frequency having 
occurred at Ogaki and the lowest at Ibi and Tarui. Of the two 
places in the central part of the province, namely, Takatomi and 
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Kozuchi, a greater number of shocks was recorded at the former than 
at the latter. Of the remaining six places, Nakatsugawa, Takayama, 
Mitake, Ota, and Hachiman, the greatest number was recorded at 
Mitake and the least at Hachiman. 

The records taken at several stations in Owari shew an evident 
change with time of localisation of seismic frequency. In 1891, 
the greatest number of earthquakes was recorded at Biwajima, 
Otajima, and Inazawa, these places being situated in a zone where, 
it should be remarked, the motion had been very strong on the 
occasion of the great earthquake of October, 1891. In 1892, the 
greatest number was recorded at Koori, and the next greatest at 
Biwajima and Katsukawa. Again, in 1893 the greatest number was 
recorded still at Koori, but the next greatest at Otajima and Nngoya. 
The least numbers always occurred at Atsuta and the stations in the 
Chita Peninsula. 

The numbers of earthquakes at Nagoya, Atsuta, Handa, and 
Toyohama indicate an evident decrease of seismic activity with dis- 
tance as we go southwards. 

In Mikawa, the greatest numbers of earthquakes occurred at 
Koroino and Asuke in the north-western part of the province, the 
activity there being nearly the same as in the vicinity of Atsuta in 
Owari. 

The seismic activity in the Atsumi Peninsula was less than that 
in the Chita Peninsula. 

§ 34. The distribution of seismic activity in Mine, Owari, and 
Mikawa during 1892, 1893, and January, 1894, will be clearly seen 
from Figs. 27, 28, and 29, respectively, in which the curves are loci of 
places where equal numbers of shocks have been recorded during each 
of these intervals. In drawing Fig. 28, the numbers of earthquakes 
during January and September have been omitted as a severe shock 
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occurred in the beginning of each of these months in the district under 
consideration, and where consequently the seismic activity in some parti- 
cular places was greatly increased. The residual effect of these severe 
secondary-earthquakes, however, as before remarked, soon died away, 
so that Fig. 28 will fairly represent the distribution of after-shocks in 
1892 due wholly to the great earthquake of 1891. On the other 
hand, Fig. 29 will shew principally the effect of the strong shock 
which took place on January 10th, 1894. 

Fig. 27 shews more or less distinctly four axial lines, which 
radiate from the vicinity of Koori and along which the seismic 
activity was greater than in the neighbouring tracts. In Figs. 28 
and 29, two of these axial lines, one of which proceeded towards Ibi in 
the north-western corner of the Mino-Owari Plain, and the other of 
which proceeded to the basin of the Ise Gulf, became insignificant and 
we have only two distinct axial lines which extend from the same 
centre towards ENE and ESE, that is, respectively along the upper 
valley of the Kisogawa and into the mountain districts of the 
northern Mikawa. 

The origin of the severe earthquake of January 10th, 1894, was 
just at the point of intersection of the above two axial lines, and those 
of the severe earthquakes of January 3rd and September 7th, 1892, 
were respectively in the vicinities of Gifu (near to the Kiso-gawa) and 
of Katsukawa (near to Nagoya), so that all these three shocks hud 
their origins approximately on the same axial line running from 
WNW towards ESE. 

§ 35. On the Cause of the Great Earthquake of October 28th, 1891. 

The fact that the centre of the greatest activity of after-shocks is, 
not in the Neo- Valley where the shock had been strongest on the 
occasion of the earthquake of October, 1891, but in a locality near 
to it, suggests the idea that there had existed a very extensive 
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instability under the Eckizeu, Mino, Owuri, and Mikawa provinces, 
and that the great earthquake was caused by some big fractures 
produced in this underground strained portion of the earth's crust. 

The district adjoining the south-eastern extremity of the Neo- 
ValJey is not yet on the way of steadily settling into equilibrium, and 
the four axial lines in Fig. 27 probably indicate the positions of four 
weaker or deeper fractures, the peculiar violence of motion on the 
occasion of the great earthquake in the zonal tract at the western part 
of the Owari Plain and in the regions to the south-east of Koori (see 
Fig. 26) being probably due to the existence of such lines of weakness 
beneath. 1 The underground fracture along the Neo- Valley was pro- 
bably sufficiently great and must have removed the chief centre of 
weakness at that district. 

The two axial lines in Fig. 28 seem to indicate the positions of 
fracture lines which became gradually prominent, and along which 
the activity of after-shocks is at present greatest. 

The centre of activity of after-shocks may in future change its 
position, but it will very probably recede from, and not approach the 
Neo-Vallev. 

The distribution of seismic activity before 1891 is shewn in Fig. 
30 (see Table XXII). It indicates no such peculiarity as that seen 
in Figs. 27, 28, and 29. 

§ 36. Earth [ualcc Sounds. — I take this opportunity of making 
some remarks upon earthquake sounds. 

Many of the after-shocks of the Mino- Owari earthquake were 
attended with sounds, which were essentially of two types, being 
either rushing feeble noises like those caused by winds, or loud 
rumbling sounds like those caused by the falling of a heavy weight on 
ground, or by the discharge of a gun. 

1 See Fiir. 31. 
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The sounds of the second type, which were sometimes like detona- 
tions of thunder, were most frequent and distinct in the Neo- Valley, 
where, as I believe, their main origin really was. It is remarkable that 
tremblings of the ground accompanying these sounds were invariably 
very feeble, and often not to be felt at all, while severe sharp shocks 
were usually not accompanied by distinctly audible sounds. This 
peculiar phenomenon was ascertained likewise to have been observed 
with the after-shocks of the Noto and Kagoshima earthquakes. The 
following may be one of the possible explanations. 

Among numerous depressions of small pieces of ground produced 
by the great earthquake of 1891, there was one which took place on a 
high mountain flank near the village of Higashi-Yokoyamn, in the 
Ono District, Mino, and which was cylindrical in form, being about 
9 feet in diameter and 10 feet in depth. The top of the cavity was 
just shewn on the surface slope as a circular aperture about 4 feet in 
diameter. From examples like this, we may suppose that some 
cavities have probably been formed underground which are not shewn 
on the surface. Especially in the focal region there may exist big 
vacant spaces, and the falling down into these of superincumbent 
rock masses would give rise to sounds accompanied by small move- 
ments of ground, as muffled sounds are heard when we throw stones 
into a deep well or hole. On the other hand, shocks may originate 
bv fracturing" of strata in districts near the focus which would cause 
sharp tremblings of the ground, but not be accompanied by loud 
sounds. 

The slight rushing sounds often accompanying earthquakes may, 
as usually supposed, be caused by quick tremors preceding the 
principal earthquake motion. 



OX THE AFTER-SHOCKS OP EARTHQUAKES. 14<J 



List of Tables, I— XXII. 

I. — Daily Numbers of Earthquakes at Knnmnioto, from July 29th, 1889, to 

December 31st, 1800. 
II. — Monthly and Yearly Numbers of Earthquakes at Kumaiuoto, from July, 

1889, to December, 1898. 
IF. — Average Monthly Numbers of Earthquakes at Kumamoto. 
III. — Hourly Numbers of Earthquakes at Kumamoto, from July 81st to August 

18th, 1889. 
IV. — Daily Numbers of Earthquakes and Barometric Heights at Oifu, from 

October 28th, 1891, to April 80th, 1892. 
V. — Daily Numbers of Earthquakes at Oifu, from May 1st, 1892, to December 

81st, 1898. 
VI. — Daily Numbers of Earthquakes at Nagoya, from October 28th, 1891, to 

April 80th, 1892. 
VII. — Daily Numbers of Earthquakes at Tsu, from October 28th to December 

81st, 1891. 
VIII. — Daily Numbers of Earthquakes at Kyoto, from October 28th to December 
81st, 1891. 
IX. — Daily Numbers of Earthquakes at Osaka, from October 28th to December 

81st, 1891. 
X. — Monthly Numbers of Earthquakes at Gifu, Nagoya, Tsu, Ky5to, and Osaka, 

from October, 1891, to December, 1898. 
XI. — Times of Occurrence of Earthquakes at Gifu, from October 28th, 1 p.m., 

to November 10th, 12 p.m., 1891. 
XII. — Times of Occurrence of Earthquakes at Nagoya, from October 28th, 1 p.m., 
to November 10th, 12 p.m., 1891. 



150 F - OMOEL 

XTII. — Honrly Numbers of Earthquakes at Gifn, from October 28th to November 

10th, 1891. 
XIV.— Hourly Numbers of Earthquakes at Nagoya, from October 28th to Novem- 
ber 10th, 1891. 
XV. — Daily Numbers of Earthquakes at Chiran, from September 7th, 1898, to 

January 81st, 1894. 
XVI. — Hourly Numbers of Earthquakes at Chiran, from September 8th to 21st, 

1898. 
XVII. — Monthly and Yearly Numbers of Earthquakes recorded instrumental ly at 

Tokyfi, from January, 1870, to December, 1898. 
XVIII. — Hourly Distribution of 1108 Earthquakes recorded instrumcntally at Tolyfi, 
from 1870 to 1891. 
XIX.— Hourly Distribution of 8842 Earthquakes in Japan from 1885 to 1890. 
XX. — Hourly Distribution of 5888 Earthquakes in Japan. 
XXI. — Yearly Seismic " Activities " in Switzerland, the Vesuvian District, Sicily, 

and the Balkan Peninsula and neighbouring Islands. 
XXII. — Yearly Numbers of Earthquakes at different places iu Owari, Miuo, and 
Mikawa, from 1887 to 1890. 



ON THE AFTER-SHOCK8 OF EARTHQUAKES. 



151 



TABLE L-DAH.Y HU1 


IIBEB 


a of 


BAR 


THQT 


rAXE 


S AT KUMAMOTO, 




FROM JULY 28th, 1889, 


TO DECEMBER 31st, 1890. 






July, 1889. 


Auoust, 1889. 


Day 


1* 

II 

f» 00 


fl-3 

t'i 




U 

■§-1 

■Sis 


a 

s 


•a 
3 


k « 


be • 

-8-3 




U 
9 O oo 

Us 


3 
3 


•p 

"J 

S3 


1 


• • • 


• • • 


• • • 


• • • 


• • • 


• • * 


• • • 


1 


6 


4 


11 


12 


2 


• •  


• • • 


• • • 


• • • 


• • • 


 • • 


• • • 


1 


• • • 


7 


8 


9 


8 


• • • 


• • • 


• • • 


• * • 


• • • 


• • • 


1 


3 


18 


13 


3ft 


40 


4 


 • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


2 


11 


9 


22 


24 


ft 


• • • 


• • • 


•  • 


• • • 


• • • 


• • • 


• • 9 


• • • 


5 


G 


11 


11 


G 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


1 


5 


5 


11 


12__ 


7 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


 • • 


1 


3 


• • • 


4 


5 


8 


i ••• 


• • • 


• • • 


* • • 


• • • 


• • • 


• • • 


• • • 


5 


6 


11 


11 


» 


1 * • * 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


1 


1 


2 


2 


10 


i • • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


4 


2 


6 


6 


11 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


4 


2 


6 


6 


12 


• • • 


• • « 


• • • 


* • • 


• • • 


• • • 


• • • 


• • • 


4 


1 


5 


5 


13 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


4 


5 


9 


9 


14 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


1 


5 


6 


6_ 


15 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


1 


4 


6 


11 


12 


16 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• « • 


• • • 


6 


7 


13 


13 


17 


• • • 


• • • 


• • • 


* • • 


• • • 


• • • 


• • • 


• • • 


3 


3 


6 


6_ 


18 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


1 


5 


fi 


6 


10 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


2 


1 


3 


3 


20 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


2 


6 


8 


8 


21 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


3 


4 


7 


7 


22 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


« • • 


• • • 


2 


1 


3 


3 


23 


• • • 


• • • 


• • • 


•  • 


• • • 


 • • 


• • • 


• • • 


2 


4 


6 


6 


24 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


2 




3 


6 


8 


25 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


1 




2 


4 


5 


20 


• • • 


• * • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 




2 


3 


3 


27 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


•  • 




4 


ft 


5 


28 


i 


• • • 


* • • 


• • • 


1 


3 


• • • 


•  « 




5 


6 


6 


29 


• • • 


23 


14 


33 


70 


93 


• • • 


• • • 


2 


2 


4 


4 


30 


• • • 


5 


10 


12 


27 


32 


• • • 


• • • 


• • • 


2 


2 


2 


31 


... 


1 ! 12 


2 
47 


15 


16 


• • • 


• • • 


 • • 


3 


3 


3 


Sum 

i 


i 


29 


36 


113 


144 


1 


13 


103 


126 


243 


259 



F. OMOBI. 





8BFTX1CBSK, 1889. 


October, 1889. 


Day 




1! 


"S 


a 
s 
• 


'i 


be fi 

n 

OD 00 


If 


U 

111 

4 


a 
g 


5» 

•** 


1 


i 

• • • 


• • • 


• • • 


• • • 


• • • 


1 


• • • 


5 


6 


2 


1 • • • 

1 


l 


• • • 


i 


i 


1 


2 


2 


5 


6 


3 


1 

1 

f 

• • • 

1 


i 


• • • 


i 


i 


• • • 


2 


1 


3 


3 


4 


1 

1 

• • • 


• • • 


l 


i 


i 


•   




1 


4 


4 


5 


! i 


• • • 


l 


2 


3 


1 




3 


7 


8 


6 


I 1 


i 


l 


3 


4 


1 




1 


3 


4 


7 


: 1 


• • • 


l 


2 


3 


• • • 




2 


6 





8 ! 


i 

i ••• 


• • • 


• • • 


• • • 


• • • 


 • • 




1 


2 


2 


] 
9 


i 

i 


• • • 


l 


2 


3 


• • • 




1 


2 




10 


i 


• • • 


2 


3 


4 


• t • 


• • • 


1 


1 




11 


• • • 


• • • 




• • • 


• • • 


• • • 


• • • 


1 


1 




12 


• • • 


l 




1 


1 


• • • 


• • • 


• • • 


• • • 


• • • 


13 


• • • 


l 




1 


1 


• • • 


1 


• • • 


1 




14 


i 


• • • 




1 


2 


• • • 


2 


1 


3 


if 


15 


• • • 


2 




2 


2 


• • • 


• • • 


1 


1 




16 


• • • 


1 




1 


1 


1 


• • • 


1 


2 


tj 


17 


• • • 


1 




1 


1 


• • • 


• • • 


1 


1 




18 


• • • 


• • • 




• • • 


• • • 


1 


1 


2 


4 




19 


2 


2 




4 


6 


• • • 


• • • 


1 


1 




20 


• • • 


• • • 




• • • 


• • • 


• • • 


3 


 • • 


3 


if 


21 "7" 


• • • 


2 




2 


2 


• • • 


1 


• • • 


1 




22 


1 


1 




2 


3 


1 


1 


• • • 


o 


»J 


23 


2 






2 


4 


1 


1 


2 


4 


5 


24 


1 






1 


2 




] 


2 


3 


4 


25 


• • • 




1 


1 


1 




• • • 


2 


2 


2 


26 


2 




2 


4 


6 




• • • 


2 


2 


2 


27 


• • • 




• • • 


• • • 


• • • 




1 


1 


2 


2 


28 


• • • 


1 


• • • 


1 


1 




• • • 


1 


1 


1 


29 


 • • 


• • • 


• • • 


• • • 


• • • 




1 


• • • 


1 


1 


30 


• • • 


1 


I 


2 


2 




• • • 


2 


2 


2 


31 












1 


• • • 


1 


2 


3 


8uiu 


14 


1G 


11 


41 


55 


9 


30 38 


77 


87 



ON THE AFTER-SHOCK8 OF EARTHQUAKES. 



153 





November, 1889. 


Decbmbkb, 1889. 


Day 


fec« 
to "3 


►•8 




a 

3 


3 


■s-2 




u 

Sag 

Hi 

•8* 


9 


► 
•** 


1 




• • • 




1 


1 




• • • 


1 


1 


1 


2 




• • • 




1 


1 




1 


1 


2 


. 2 


3 


l 


 • • 




2 


3 




• • • 


1 


1 


1 


4 




1 


• • • 


1 


1 




2 


1 


3 


3 


5 




• • • 




1 


1 




1 


• • • 


1 


1 


' 6 




2 




3 


3 




• • • 


• • • 


• • • 


• • • 


7 




1 




2 


2 




• • • 


• • • 


• • • 


• • • 


8 




• • • 


• • • 


• • • 


• • • 


1 


1 


1 


3 


4 


9 




1 




2 


2 




• • • 


2 


2 


2 


10 




1 




2 


2 


1 


1 


2 


4 


5 


11 




1 


2 


3 


3 




1 


1 


2 


2 


12 




1 




2 


2 




• • • 


1 


1 


1 


13 




2 




3 


3 




1 


1 


2 


2 


14 




• • • 




1 


1 




1 


1 


2 


2 


15 




 • • 


• • • 


• • • 


 • • 




1 


1 


2 


2 


16 




1 




2 


2 




• • • 


2 


2 


2 


17 




• • • 


• • « 


• • • 


• • • 




1 


• • • 


1 


1 


18 


l 


1 




3 


4 




1 


• • • 


1 


1 


19 




1 




2 


2 




1 


• • • 


1 


1 


20 




2 


• • • 


2 


2 




• • • 


• • • 


• • • 


• • • 


21 




1 


• • • 


1 


1 




1 


1 


2 


2 


22 




1 




2 


2 




• • • 


1 


1 


1 


23 




1 




2 


2 




2 


• • • 


2 


2 


24 




• • • 


2 


2 


2 




• • • 


• • • 


• • • 


• • • 


25 




1 




2 


2 




• • • 


1 


1 


1 


26 




1 


• • • 


1 


1 




• • • 


• • • 


• • • 


• • • 


27 




• • • 




1 


1 




1 


• • • 


1 


1 


28 




• • • 


 • • 


• • • 


 • • 




1 


• • • 


1 


1 


29 




3 


2 


5 


5 




1 


• • • 


1 


1 


30 


l 


• • • 




2 


3 




• • • 


• » • 


• • • 


• • • 


31 














1 


• • • 


1 


1 


Sum 


3 


23 


25 


51 


54 


2 


20 


19 


41 


43 



I 1 



OX THE AFTEU-8HOCK8 OF EARTHQUAKES. 



155 



. 


Junk, 1890 


Jolt, 1890 


Aug., 
1890 


Sbp., 
1890 


Oct., 
1890 


Nov., 
1890 


Dec, 
1890 


Day j 


OB 


.c 2 c 

III 


a i 
S i 




111 

« 


s 

s 

« 


x 2 fl 


lis 

 

1 


-a 2 a 

III 

*• 


u 

00 


u 

22 a 
$ « 5 

OB 


1 


> • • 


• • * 


• • • 


• • • 


• • • 


• • • 


2 


• • • 


• • • 


• • • 


2 


1 


4 


5 


1 • • 


i 


i 


2 


1 


2 


1 


• • i 




a 


1 


1 


2 


» • • 


• • • 


 • • 


2 


• • • 


• •  


• • • 


• • 




4 


1 


2 


3 


1 • • 


3 


3 


• • • 


• • • 


• • 




 • • 


• • 1 




5 


 • • 


1 


1 


» • • 


2 


2 


• • • 


• • • 


• • • 




• • 


• • 




6 


» • • 


• * • 


• • • 


► • • 


1 


1 


2 


1 


• • • 




• • 


2 


7 


• • • 


*  • 


• • • 


1 • • 


1 


1 


• • • 


• • • 


• • • 




• • 


1 


8 


► • • 


 • • 


• • • 


1 


1 


2 


• • • 


• • • 


• • • 




• • 


• • • 


9 


• • • 


1 


1 


» • • 


• • • 


• • • 


• • • 


2 


 • • 




 • • 


• • 




10 


1 • • 


• • • 


• • • 1 


1 • • 


1 


1 


• • • 


1 


1 




 • • 


• • 1 




11 


» • • 


• • • 


• • • i 


» • * 


• • • 


• • • 


2 


•  • 


• • • 




» • • 


• • 




12 


 • • 


• • • 


• • • 


» • • 


2 


2 


• • • 


• • • 


• • • 




• • 


• • « 




13 


• • • 


• • • 


• • • 


1 • • 


• • • 


• • • 


• • • 


1 


• • • 




» • • 


• • 1 




14 


1 • • 


1 


1 


» • • 


1 


1 


1 


• • • 


• • • 




• • 


• • « 




15 


 • • 


• • • 


• • • 1 


> • • 


• • • 


• • • 


• • • 


» • • 


• • • 




• • 


 • 




16 


• • • 


1 


1 


» • • 


• • • 


 • • 


• • • 


• • • 


1 




• • 


• • < 




17 


1 • • 


1 


1 


» • • 


• • • 

r 

• • • 


• • • 

• • • 


• •• 

• • • 


1 
1 


• • • 

• • • 




• • 

• • 


• • 4 

• • i 




" 18 1 


1 


1 


2 


1 • • 




18 


1 


1 


2 


i 9 m 


• • • 


• • • 


... 


 • • 


• • • 




• • 


• • * 




20 ! 


 • • 


2 


2 


» • • 


• • • 


• • • 


1 


• • • 




• • 


• • i 




21 


 • • 


• • • 


• * • 


1 • • 


• • • 


• • • 


2 


• • • 


• • • 




• • 


• • 




22 


• • • 


3 


3 


I • • 


1 


1 


1 


3 


• • • 




> • • 


• • 




23 


1 • • 


• • • 


• • • 


» • • 


• • • 


• • • 


1 


• • • 


• • • 




» • • 


• • < 




24 


1 


• • • 


1 


1 • • 


• • • 


• • • 


• • • 


• • • 


• • • 




» • • 


• • 1 




25 


1 • • 


• •  


• • • 


1 • • 


1 


1 


• • 


• • • 


fl • • 




• • 


• • * 




26 


> • • 


1 


1 


1 • • 


• • • 


« • • 


• » • 


• • • 


• • • 




• • 


• • 1 




27 


 • 


1 


1 


» • • 


• • • 


• • • 


1 


1 


• • • 


2 


• • 4 




28 


► • • 


• • • 


• • • 1 


» • • 


1 


1 


• •  


• • • 


2 


• • • 


• • 1 




29 


• • 


• • • 


• • • 


1 


• • • 


1 


1 


• • • 


• • • 


1 


• • * 




30 


• • 


• • • 


• • • 


1 


1 


2 


1 


• • • 


• •• 


2 


• • 4 




31 










m^^^** 








• • • 




• • 1 




Sum 


6 


21 


27 


3 


17- 


20- 


19. 


•14. 

- :: L 




' 6' 


3 



■it 
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F. OMORI. 



TABLE IL-MONTHLY AND YEARLY NUMBERS OF EARTHQUAKES 

AT KUMAMOTO, FROM 1880 TO 1888. 



>vlIoiitli 


I 


II 


III 


IV 


V 


VI 


VII 


VIII 


IX 


X 


XI 

51 


XII 

41 


sum 


1889 








113 1 


243 


41 


77 


566 


1890 


16 


8 


40 


16 


33 


27 


20 


19 


14 


6 


6 


3 


208 


1891 


8 


19 


6 


9 


7 


7 


2 


1 


• • • 


12 


9 


9 


89 


1892 


3 


3 


3 


3 


7 


3 


4 


1 


2 


5 


1 


3 


38 


1893 


2 


1 


1 


1 


• • • 

47 


1 

38 


• • • 

139 


• • • 


4 


7 
107 


3 
70 


• • • 

56 


20 s 


Sum 


29 


31 


50 


29 


264 


61 


921 



TABLE n.*-AVERAGE MONTHLY NUMBERS OF EARTHQUAKES 

AT KUMAMOTO. 



N. Month 
Tutor vol x. 


I 


II 


in 


IV 


V 


VI 
9.3 


VII 


VIII 


IX 
5.0 


X 

7.5 


XI 


XII 


1890-1893 


7.3 


7.8 


12.5 


7.3 


12.0 


6.0 


5.5 


4.8 


4.0 


1891-1893 


4.3 


7.7 


3.3 


4.3 


4.7 


3.7 


2.0 


0.7 


2.0 


8.0 


4.3 


4.0 


1892-1893 


2.5 


2.0 


2.0 


2.0 


3.5 


2.0 


3.0 


0.5 


3.0 


6.0 


2.0 


1.5 



1. The number for July, 1389, is that for four days, from 28th to 31st of that month. 

2. Those shocks at Kumamoto which were evidently due to the Kagoshiina earthquake of 
September 7th, 1893, are not included. 



OX THE AFTEn-SHOCKS OF EARTHQUAKE* 



TABLB III.— HOUBLY EABTHQUAKE NUMBEHS AT KUMAHOTO, 
FBOM JULY Slat TO AUGUST 13th, 1880.' 



S I 



■' 



S 1 



i .- 



i During Xijjht, or between p.m. and o.in., 100 
Day, ,. .. Bin. and 6 p.m., 48 

148 
I. The first (rn>ot earthquake toot place on July 23th, 1 1.48 p.ui , and the tiuief 
rencc of s nl -sequent shocks were not noted down till 31st of the same month. 

2 The times of occurrence of shocks were tost in a feu* cases, anil therefore (his i 
slightly less than iiceonling to Tahle I, 
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F. OMORI. 



TABLE IV-DALLY NUMBERS OF EARTHQUAKES AND BABOMETBIC 

HEIGHTS AT GIFT!, FROM OCTOBER 28th, 1891, 

TO APRIL 30th, 1882. 



















OCTOBER, 1891. 






- 




Day 








violent 
shocks 


strong 
shocks 


wea. 
shocl 


k feeble 
ca shocks 


sounds 


sum 


activity 


mean 1 
bar. lit, 

• 


fluctuation, 
in mm. 


















in mm. 




1 


• • • 






• • • • 




• • • 




• • • 


• •  


•2 

« 1 




• • • 


• • 








• • • 








» • m 






•  • 


• • 




.1 

4 




• • • 

• • • 


• • 

• • 








 • • 

B • • 








 • • 
• • • 






• • • 

• • • 


• • 




5 




• • • 


• • 








» • • 








• 4i a 






• • • 


• • 




(> 




• • • 


• • 








• • 41 








 • • 






• • • 


 • 




7 




• • « 


• • 








» • • 








i • • 






• • 4) 


• • 




8 

9 

10 




• • • 


• • 








1 • • 








> • • 






• • • 


• • 






» • • 


• • 

• • 








1 • • 

• • 








 41 • 

• • 






• • • 

• • • 


• • 

• • 




11 




* • • 


• • < 








1 41 • 








• • 






• • • 


•  




12 ! 




> • • 


• • 4 








1 • • 








» • • 






• • • 


• • 




18 




• • • 


• • 4 








 • • 








• • 






• • • 


• • i 




14 




i • • 


• • 4 








• • 








• • 






• • • 


• • 




15 




• • • 


• • 4 








• • 








• • 






• • • 


 • 




16 




 • 


• •  








• • 








41 • 






• • • 


• • ( 




17 




• • 


• • « 








• • 








• • 






* • • 


• • 




18 




» • • 


• •  








 • • 








• • 






• • • 


• • 




19 




i • • 


• • 41 








• • 








• • 






• • • 


• • 




20 




i • • 


41 • 41 








• • 








• • 






• • • 


• • i 




21 




» • • 


• • a 








• • 








• • 






• • • 


• • i 




22 




• • 


• • • 








• • 








• • 






• • • 


t 41 1 




23 




• • 


• • i 








• • 








• • 






• • • 


• • 




24 




• • 


• • • 








• • 








• • 






• • • 


% # 




25 




• • 


• • • 








• • 




• 




• • 






• • • 


• • 




20 




• • 


• « • 








• • 








• • 






• • • 


• • I 




27 




• • 


• • • 






• • 








• • 






• • • 


• • 


• 


28 




1 


8 


94 


[ . 


• • 






103 


113 


753.7 


- 3.5,+ 3.7 


29 




• • 


15 


30£ 


\ 


• • 






318 


333 


54.9 


- 2. ,+ 2.2 


30 




3 


14 


147 


r 


• • 


9 


173 


193 


61.3 


+ 8.1 


31 




• • 


3 


lie 


\ 1 


6 


126 


129 


65.1 


+ 1.3,-2.3 


Sum 


4 


40 


660 


I 1 


15 1 


720 


768 


• • • 


• • • 



1. The " Mean Barometric Height " was obtained by taking the mean of six observations 
on each clay, at 2, G, 10, a. in., and 2, 6, 10, p.m. The " Fluctuation " is the difference between 
these observations, + when rising, and — when falling. For instance, — 3.5, + 3.7 means 
that the pressure first foil by 3.5 mm. and then rose by 3.7 mm. 



OX TlIE AFTEB-SHOCKS OF EARTHQUAKES. 
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Day 


NOVEMBER, 1891. 


violent 
shocks 


strong 
shocks 


weak 
shocks 


feeble 
shocks 


sounds 


sum 

99 


activity 


1 mean 
bar. ht. 

1 in mm. 


fluctuation, 
in mm. 


1 


• • • 




94 


• • • 


• • • 


104 


762.7 


-3. , + 1.2 






• • 


4 


88 


• • • 


• • • 


92 


96 


63.9 


„+1.6 f -1.0, + a.'2 


H 




• • 


• • • 


81 


• * • 


• • • 


81 


81 


63.6 


-3. 


4 




• • 


2 


75 


1 


• • « 


78 


80 


59.1 


**> 


5 




• • 


1 


52 


• • • 


• • • 


53 


54 


55.3 


+ 3.7 






•  


4 


56 


1 


6 


67 


71 


59.8 


+ 3.9 


7 ! 

1 




• . 


3 


42 


. . • 


• • • 


45 


48 


64.2 


+4.2 


8 ! 




» • • 


1 


41 


• • • 


• • • 


42 


43 


67.0 


+ 1. ,-2.6 


» 




, . 


1 


43 


• • • 


• • • 


44 


45 


63.0 


-4.3 


10 




• . 


• • • 


40 


•  • 


• • • 


40 


40 


58.5 


-6.3 


11 




• • 


• • • 


37 


• • • 


1 


38 


38 


60.5 


+ 7.6 


12 




• • • 


1 


38 


1 


• • • 


40 


41 


63.8 


-1.7 


13 




• • 


1 


32 


1 


1 


35 


36 


62.3 


-2. , + 1.6 


14 




• • 


• • • 


25 


3 


1 


29 


29 


64.3 


+2.1.-1.4.+2. 


15 




 • • 


• • • 


23 


6 


• • • 


29 


29 


64.4 


-3.2 


1G 




• • 


• • • 


27 


1 


• • • 


28 


28 


59.9 


-5. ,+2.2 


17 




• • 


• • • 


15 


1 


5 


21 


21 


61.3 


+ 2.5,-1.4,+2. 


18 




• • 


• • • 


• •  


9 


9 


18 


18 


61.9 


-2.6,+ 1.6 


19 




• • 


• • • 


• • • 


7 


10 


17 


17 


62.6 


-1.2, + 3. 


20 




• • 


1 


• • • 


18 


14 


33 


34 


65.1 


-2.7, + 2.3 


21 




1 


1 


10 


5 


4 


21 


24 


65.0 


-2.1, +1.6 


22 




• * 


• • • 


• • • 


9 


3 


12 


12 


65.4 


+ 1.8 


23 




• • 


2 


• • • 


16 


5 


23 


25 


61.9 


-6.2 


24 




• • 


* • • 


• • • 


14 


4 


18 


18 


69.1 


+4.6 


25 




• • 


• • • 


• • • 


6 


3 


9 


9 


63.3 


+ 1.2.-1.2. + 1.4 


2G 




•  


• • • 


3 


3 


9 


15 


15 


63.8 


-2.3, +2.3 


27 




1 • • 


1 


4 


• • • 


6 


11 


12 


66.6 


+ 5.2 


28 




1 


1 


4 


• • • 


10 


16 


19 


72.0 


-1.4.+ 1.1 


29 




• • 


• • • 


10 


3 


6 


19 


19 


70.2 


-2.2 


30 




• • 


• • • 


12 


1 


1 


14 
1087 


14 


66.7 


-3.6 


Sum 

i 


2 


29 


852 


106 


98 


1120 


1 "• 


• • • 



100 



F. OMOM. 











DECEMBER 


'., 181)1. 




Dny 
















violent 
shocks 


strong 
shocks 


weak 
shocks 


feeble 
shocks 


sound* 


snui 

7 


activity 


mean 
bar. ht 
in mm. 


fluctuation, 
in uiui. 


1 


• • • 


• • • 


3 


3 


i 


7 


7(57.4 


+ 3.8 


2 


• • • 


• • * 


3 


9 


4 


16 


16 | 


70.5 


+ 1.3,-2.1 


3 


l 


i 


9 


4 


2 


17 


20 


61.3 


-14.4 


4 


i 


• • • 


4 


11 


2 


18 


20 


51.6 


-1.4, + 5.9 


5 


• • • 


l 


17 


12 


2 


32 


33 


64.0 


+ 10.5 


G 




> • • 


• • * 


• • • 


6 


1 


7 


7 


71.5 


+ 2.3,-2. ,+2.2 


7 




• • • 


l 


• • • 


6 


1 


8 


9 


72.4 


-2.5 


8 




• • 


• • • 


11 





3 


19 


19 


61.9 


-15.4 


9 




• • • 


•2 


10 


8 


2 


22 


24 


57.9 


+ 7.4 


10 




• • 


• • • 


17 


3 


2 


22 


22 

j 


61.7 


+ 1.3,-1.7 


11 




• • 


• • • 


10 


2 


2 


14 


14 ; 


62.6 


+ 3.7 


12 




• • • 


• • • 


18 


2 


3 


23 


23 ! 


63.6 


+ 1.2,-4.7 


13 




 • • 


• • • 


5 


1 


8 


14 


14 


61.5 


+ 5.5 


14 




• • 


• • • 


18 


3 


2 


23 


23 


66.8 


+ 3.5 


15 




» • • 


• • • 


• • • 


14 


1 


15 


15 


67.3 


-3. 


16 




• • 


2 


17 


• • • 


1 


20 


22 


63.7 


-2.2,+ 1.6 


17 




• • 


• • • 


10 


8 


• • • 


18 


18 


64.7 


+ 1.2,- 1.4, + 2.3 


18 




• • 


• • • 


5 


1 


1 


7 


7 


68.4 


+ 5.4 


19 




» • • 


• • • 


• • • 


3 


2 


5 


5 


70.8 


-2.6,+ 1.8 


20 




* • • 


* •  


5 


1 


2 


8 


8 


67.3 


- 5.3 


21 




• • 


• • • 


6 


2 


• • • 


8 


8 


65.5 


+ 1.8,-3.1 


22 




• • 


• • • 


• • • 


3 


9 


8 


8 


61.7 


-4.2, + 2.4 


23 




• • 


• • • 


2 


1 


3 


6 


6 


62.7 


+ 3.2 


24 




i 


1 


10 


• * • 


3 


15 


18 


66.7 


+ 3.7 


25 




• • 


• • • 


• • • 


5 


1 


6 


6 


70.6 


+2.4,-1.3 


26 




• • 


• • • 


• • • 


7 


2 


9 


9 


70.4 


-2.6 


27 




* • * 


• • • 


• • • 


2 


1 


3 


3 


69.0 


+ 1.2,-2.5 


28 




• • 


• • a 


1 


6 


• • • 


7 


7 


69.3 


+2.1 


29 




• • 


1 


13 


1 


1 


16 


17 


70.7 


+ 1.4,-2.5, + 1.6 


30 




• • 


• • • 


10 


2 


3 


15 


15 


71.2 


-2.7 


31 




• • 


• • • 


• • • 


6 


2 


8 
416 


8 


63.3 


-7.3,+ 3.4 


Sum 


H 


9 


204 


137 


63 


431 


• • • 


• • • 



t • 

 • 



OX THE AFTER-SHOCKS OF EARTHQUAKES: 



• . • 



: : -1.(51 

• • • • . 









• • 









JANUARY 


, 1802. 




Day 












violent 
shocks 


strong 
shocks 


weak 
shocks 


feeble 
shocks 


sonndF 


mini 
6 


activity 


mean 
bar. lit 
in intn. 


fluctuation, 
in uiin. 


1 


• • • 


• • • 


4 


i 


l 





7G6.3 


+ 1.8,-2.4,+ 1.6 


2 




• • 


• • • 


• • • 


3 


2 


5 


5 


85.3 


-2.2, + 2.7 


3 




l 


l 


2 


I 


2 


7 


10 


G8.7 


+3.2 


4 




* • 


l 


6 


3 


2 


12 


13 


G8.0 


-2.6 


O 




• • 


2 


3 


1 


1 


7 


9 


66.6 


-1.3.+2.5 


6 




• • 


• • • 


2 


2 


• • • 


4 


4 


66.5 


-2.7 


7 




• • 


• • • 


• • • 


4 


5 


9 


9 


G3.2 


-2.8, + 3. 


8 




•  


• • • 


1 


3 


• • • 


4 


4 


64.2 


-4.5 


9 




• • 


• • • 


2 


1 


• • • 


3 


3 


G0.9 


+ 1.6,-2. , + 1.8 


10 




> •  


 • • 


4 


3 


3 


10 


10 


62.2 


+2.6 


11 




• • • 


• • • 


8 


6 


• • • 


14 


14 


62.9 


-4.4 


12 




• . 


1 


2 


2 


• • • 


5 


6 


54.1 


-6.2, + 3.5 


13 




 • • 


1 


5 


3 


2 


11 


12 


61.4 


+ 10. 


14 




• • 


•  • 


• • • 


• • • 


 •  


• • • 


• • • 


67.3 


+ 2. ,-2.6 


15 




• • 


• • • 


• • • 


2 


• • • 


2 


2 


62.8 


-5.8 


16 




• • 


• • • 


• • • 


3 


• • • 


3 


3 


58.1 


-3.3, + 1.8 


17 




i • • 


• • • 


1 


1 


• • • 


2 


2 


58.7 


+ 1.3,-1.5,+ 1.5 


18 




• • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


57.3 


-2.2 


19 




• • 


• • • 


• • • 


4 


2 


6 


6 


59.9 


+ 6.9 


20 




> • • 


• • • 


• • • 


3 


1 


4 


4 


62.9 


-3. ,+3.5 


21 




• • 


• • • 


• • • 


2 


• • • 


2 


2 


66.G 


+3.8 


22 




» • • 


• • • 


• • • 


3 


1 


4 


4 


70.6 


+2.4,-2.4, + 2.2 


23 




• • 


• • • 


1 


• • * 


2 


3 


3 


71.6 


+ 1.7,-3.2 


24 




• • 


• • • 


1 


2 


3 


6 


6 


69.6 





25 




t • • 


• • • 


1 


1 


1 


3 


3 


68.3 


+ 1.2,-3.9 


2(5 




• • • 


1 


• * • 


4 


1 


6 


7 


62.7 


-5.4 


27 




• • 


•  • 


2 


3 


2 


7 


7 


61.3 


+ 4.5 


28 




» • • 


1 


• • • 


5 


1 


7 


8 


65.2 


+ 2. 


29 




• • • 


• • • 


• • • 


4 


1 


O 


5 


63.6 


-3.2,+ 1.2 


30 




• * 


• • • 


• • • 


•  • 


2 


2 


2 


65.2 


+ 4.4 


31 




» • • 


• • • 


• • • 


4 


1 


5 
1G4 


5 


64.2 


-5.1 


Sum 


i 


8 


45 


74 


30 


174 


• • • 


• • • 



62 






F. OMOBI. 



Day 






FEBRUARY, 


1802. 






strong 
shocks 


weak 
shocks 


feeble 
shocks 


•ounda 


sum 


1 mean 
activity 1 bar. hi. 
1 in mm. 


fluctuation, 
in mm. 


1 


• • • 




• • • 


• • • 


• • • 


• • • 


763.4 


+ 2.1,-1.5 


2 


• • • 




3 


1 


4 


4 


61.5 


- 3.1, +3.4 


3 


• • • 




7 


1 


8 


8 


64.9 


+ 2.2,-2. 


4 


• • • 




1 


1 


2 


2 


59.3 


-11.2 


5 


i 


i 


3 


1 


5 


6 


60.7 


+ 7.9 


6 


2 




1 


• • • 


4 


6 


69.5 


+ 3.5 


7 








2 


2 


4 


4 


71.8 


- 3.3 


8 








1 


2 


3 


3 


56.9 


-18.5, +5.9 


9 








4 


• • •  


4 


4 


60.9 


+ 7. 


10 








1 


1 


2 


2 


66.4 


+ 1.8,-1.7 


11 








1 


2 


3 


3 


66.9 


- 2.1, 


12 








2 


1 


3 


3 


62.3 


- 5.4, + 1.5 


13 








1 


1 


2 


2 


62.5 


+ 1.8,-1.9 


14 








4 


2 


6 


6 


55.7 


-11.7.+4.8 


15 








4 


1 


5 


5 57.5 


+ 3.6 


16 








2 


2 


4 


4 62:7 


+ 4. 


17 


] 


L 


l 


2 


2 


6 


7 64.1 


- 2.8, + 4.4 


18 








1 


• • • 


1 


1 


64.5 


- 3.4 


19 








4 


• • • 


4 


4 


59.4 


+ 3.7 


20 








2 


1 


3 


3 


62.0 


- 2. 


21 








5 


1 


6 


6 


60.3 


- 4.2 


22 


] 


L 




2 


1 


4 


5 


58.5 


+ 3. 


23 






l 


• • • 


2 


3 


3 


58.5 


- 7.5 


24 






l 


3 


1 


5 


5 


54.1 


- 1.5, + 6.9 


25 






• • • 


3 


• • • 


3 


3 


59.5 





26 






i 


2 


• • • 


3 


3 


56.6 


- 4.5, + 1.6 


27 






• • • 


3 


• • • 


3 


3 


59.4 


+ 5.1 


28 






• • • 


• • • 


8 


8 


8 


59.4 


+ 6.5 


29 






• • • 


3 


3 


6 


6 


65.8 


- 4.3 


8um 


5 


5 


67 


37 


114 


119 


• • • 


• • • 



OX THE AFTER-SHOCKS OF EARTHQUAKES. 
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Day 


MARCH, 1892. 


strong 
shocks 


weak 
shocks 


feeble 
shocks 


aounds 


sum 


activity 


mean 
bar. ht 
in mm. 


fluctuation, 
in mm. 


1 






... 


2 


3 


5 


5 


760.4 


- 4.9,+ 5 


2 






• •  


2 


1 


3 


3 


63.4 


- 1.4 


3 






• • • 


3 


4 


7 


7 


60.1 


- 2.5 


4 






• • • 


3 


2 


5 


5 


58.9 


- 2.3 


5 






• • • 


• • • 


• • • 


• • • 


• • • 


58.6 


- 1.7, +2.4 


6 






• • • 


• • • 


• • • 


• • • 


• • • 


53.0 


-11.3 


7 






• • • 


1 


2 


3 


3 


53.1 


+ 8.8 


8 


" 




• • • 


3 


• • • 


3 


3 


60.9 


+ 5.3 


9 




• • • 


• • • 


1 


1 


1 


67.0 


+ 2.9 


10 






• • • 


1 


• • • 


1 


1 


66.0 


- 4.4 


11 






l 


1 


1 


3 


3 


64.2 


+ 4. 


12 






• • • 


1 


• • • 


1 


1 


64.8 


- 9. 


13 






• • • 


4 


1 


5 


5 


51.5 


- 5.8, + 10.6 


14 






• • • 


5 


2 


7 


7 


58.5 


+ 4.9 


15 






• • • 


2 


• • • 


2 


2 


63.2 


- 1.7, +2.9 


16 






• • • 


2 


• •  


2 


2 


66.1 


+ 1.5.-1.5. + 2.7 


17 






 • « 




1 


3 


3 


67.4 


+ 1.3,-2.6 


18 






• • • 


• • • 


• • • 


• • • 


• • • 


58.0 


-10. ,+2.8 


19 






• • • 


• • • 


• • • 


• • • 


• • • 


57.6 


+ 4.1 


20 






• • • 


• • • 


• • • 


• • • 


• • • 


62.3 


+ 1.6.-1.0.+3.1 


21 






• • • 


• • • 


2 


2 


2 


65.9 


+ 2.2,-2.2, + 1.5 


22 




• • • • 


• • • 


• • • 


 • • 


• • • 


6*.8 


+ 1.3,-2.4 


23 




I 
i 

• • • • 
t 


3 


• • • 


3 


3 


60.8 


- 4.6 


24 








• • • 


1 


1 


1 


55.9 


- 3.1, + 5.3 


25 






• • • 


3 


• • • 


3 


3 


63.4 


+ 7.5 


26 






• • • 


1 


• • • 


1 


1 


64.9 


- 5.8 


27 






• • • 


1 


2 


3 


3 


65.2 


+ 3.5 


28 


] 


L 


• • • 


2 


3 


6 


7 


64.5 


- 3.9 


29 






• • • 


3 


1 


4 


4 


58.9 


- 4.9, + 3.6 


30 






3 


5 

i 


2 


10 


10 


65.2 


+ 6.8 


31 


- 




• • • 


- i 


1 


3 


3 


68.8 


- 2.1, + 1.3 


bum 


i 


4 


52 

i 


30 


87 


88 


• • • 


• • • 



34 










F. OMORt. 












APRIL. 1002. 




Day 










strong 
shocks 


weak 
shocks 


feeble 
shocks 


aounds 


gum 


activity 


mean 
bar ht. 
in mm. 


fluctuation, 
in mm. 


1 




• • • 


2 


• • • 


2 


2 


764.4 


-12.2 


2 




• • • 


5 


• • • 


5 


5 


53.9 


+8.2 


3 


] 


I 


• • • 


1 


• • • 


2 


2 


57.1 


-1.8.+7. 


4 






• • • 


2 


• •  


2 


2 


61.8 


+ 1.3,-3.1 


5 






• • • 


4 


1 


5 


5 


59.8 


+ 3.1 


6 






i 


• • • 


• • * 


1 


1 


60.9 


-3.1 


7 


i 




• • • 


• • • 


• • • 


• • • 


• • • 


58.9 


-2.3 


8 






l 


7 


1 


9 


9 


57.6 


-2.5 


9 


i 




• • • 


2 


2 


4 


4 


57.2 


-1.3.+4.1 


10 


i 
• 




l 


2 


• • • 


3 


3 


64.1 


+ 7.8 


11 


j 




• • • 


• • • 


• • • 


• • • 


• • • 


66.4 


-3.4 


12 


• 




• • • 


3 


• • • 


3 


3 


55.9 


-12.4 


13 






• • • 


2 


• • • 


2 


2 


55.6 


+ 9.5 


14 






• • • 


2 


• • • 


2 


2 


61.8 


+ 2. ,-3.6 


15 






• • • 


• • • 


2 


2 


2 


59.2 


+ 4. 


16 






• • • 


• • • 


• • • 


• • • 


• • • 


64.8 


+ 3.9 


17 






• • • 


3 


• • * 


3 


3 


63.7 


-4.6 


18 






• • • 


4 


1 


5 


5 


58.4 


-3.2 


ly 






• • • 


3 


• • • 


3 i 


I 3 


61.6 


+6.2 


20 






i 


3 


1 


•j 


I 


65.9 


+ 1.3,-2.2 


21 


i 




• • • 


1 


• •  


1 


1 


58.8 


-7.4 


22 


• • i 




• • • 


3 


• B • 


3 


3 


61.9 


+8.9 


23 


i 

* • i 




• • • 


2 


• • • 


2 


2 


65.6 


-2.5* +1.6 


24 


i ] 


I 


l 


3 


 • • 


5 


6 


59.9 


-6.1 


25 


i 




l 


* •  


• * « 


1 


1 


55.3 


-1.4, + 1.5 


26 


* 




2 


1 


• • • 


3 


3 


60.9 


+ 5.6 


27 


i • < 




1 


• • * 


2 


3 


3 


64.6 


+ 1.4 


28 


i 

* 




• •  


1 


• • • 


1 


1 


65.2 


+ 1.2 


29 






1 


5 


• • • 


6 


6 


69.2 


-2.7 


30 






• • • 


4 


3 


7 


7 


58.3 


-3.3 


Sum 


2 


10 


65 


13 


90 


92 


• • • 


• • • 



54 



F. OMOKt. 









APRIL, 1602. 




Day 












stn 
sho 


Ml* 

cks 


weak 
shocks 


feeble 
shocks 


sounds 


8UU1 


activity 


mean 
bar ht 
in mm. 


fluctuation, 
in mm. 


1 






• • • 


2 


• •  


2 


2 


764.4 


-12.2 


2 






• • • 


5 


• • • 


5 


5 


53.9 


+8.2 


3 


] 


i 


•  • 


1 


• • • 


2 


2 


57.1 


-1.8.+7. 


4 






• • • 


2 


•  • 


2 


2 


61.8 


+ 1.3,-3.1 


5 






• • • 


4 


l 


5 





59.8 


+ 3.1 


6 






i 


• • • 


• • • 


1 


1 


60.9 


-3.1 


7 






• • • 


• • « 


• • • 


• • • 


• • • 


58.9 


-2.3 


8 






l 


7 


l 





9 


57.6 


-2.5 


9 


 




• • • 


2 


2 


4 


4 


57.2 


-1.3. + 4.1 


10 






l 


2 


• • • 


3 


3 


64.1 


+ 7.8 


11 






• • • 


• • • 


• • • 


• • • 


• • • 


66.4 


-3.4 


12 






• • • 


3 


• • • 


3 


3 


55.9 


-12.4 


13 






• • • 


2 


• • • 


2 


2 


55.6 


+ 9.5 


14 






• • • 


2 


• • • 


2 


2 


61.8 


+ 2. , — 3.6 


15 






• • • 


•> • • 


2 


2 


2 


59.2 


+ 4. 


16 


1 

i 




• • • 


• • • 


 • • 


• • • 


• • • 


64.8 


+ 3.9 


17 






... 


3 


• • • 


3 


3 


63.7 


-4.6 


18 






• • • 


4 


1 


5 


5 


58.4 


-3.2 


19 






• • • 


3 


• • • 


3 it 3 


61.6 


+ 6.2 


20 


•• 




l 


3 


1 





i 


65.9 


+ 1.3,-2.2 


21 


• • 




• • • 


1 


• • • 


1 


1 


58.8 


-7.4 


22 


• t 




• • • 


3 


•  • 


3 


3 


61.9 


+8.9 


23 


i 

* • i 




• • • 


2 


• • • 


2 


2 


65.6 


-2.5*,+ 1.6 


24 


! ] 


L 


l 


3 


• • • 


5 


6 


59.9 


-6.1 


25 


i •  




l 


• • * 


• • • 


1 


1 


55.3 


-1.4,+ 1.5 


2(5 






2 


1 


• • • 


3 


3 


60.9 


+ 5.6 


27 


> 

1 




1 


• • • 


2 


3 


3 


64.6 


+ 1.4 


28 


* • • 




• • • 


1 


• • • 


1 


1 


65.2 


+ 1.2 


29 


i •• 




1 


5 


• • • 


6 


6 


69.2 


-2.7 


30 


.. 




• • • 


4 


3 


7 


7 


58.3 


-3.3 


Sum 


2 10 


65 


13 


90 


92 


• • • 


• • • 



[>() 



P. OMORI. 



Day 


July, 


1892. 




August, 1802. 




weak 
shocks 


fwblo 
shocks 


sounds 


sum 


strong 
shocks 


weak 
shocks 


focblc 
shocks 


sounds 


sum 


1 


1 


... 


i 






• • • 


• 

i 

4 | ... 


4 


1 




l 


l 


2 




• • • 


1 


• • • 


1 


3 




• • • 


i 


1 




•  • 


3 


i 


4 


4 




o 


i 


3 




i 


• • • 




i 






• • • 


i 


1 




i 


•  • 


i 


._* 


(3 




• • • 


• • • 


• • • 




• • • 


i 


•  • 


i 


7 

8 

y 




1 


 • • 


1 




« • i 




• • • 


• • • 


 • • 




• • • 

1 


i 


• • • 

2 




• • < 




• •  

• • • 


• •  

• • • 


• • • 

• • • 


10 




• • • 


• • • 


• • • 




• • i 




• • • 


• • • 


• •  


u 




1 


• • • 


1 




• • 4 




• • • 


• • • 


• • • 


12 




• • • 


• • • 


• • • 




• • i 




i 


• • • 


i 


13 




• • • 


• • • 


1 




• • 4 




• • • 


i 


i 


14 






• • • 


2 




• • • 




• • • 


3 


3 


15 




. • • 


• * • 


• • • 




• • * 




• • • 


1 


1 


1G 




• • • 


• • • 


• • • 




• • 1 




• • • 


I 


1 


17 




• • • 


• • • 


• • • 




• • i 




• • • 


• • * 


• • • 


18 




1 


• • • 


1 




• • f 




• • • 


• • • 


• • • 


19 




2 


l 


3 


i 


• • 




i 


• • • 


2 


20 




1 


• • • 


1 




1 




3 


2 


(5 


21 




1 


i 


2 




• • i 




2 


1 


3 


22 




• • • 


• • • 


• • • 




 • i 




1 


• • • 


1 


23 




1 


• • • 


1 




• • 




2 


1 


3 


24 




• • • 


i 


1 




• • 




1 


• • • 


1 


25 




•  • 


• • • 


• • • 




* • « 




 • • 


1 


1 


26 




1 


i 


2 




t • 




1 


• • • 


1 


27 




3 


• • • 


4 




• • « 




1 


2 


3 


28 




• • • 


i 


1 




• • * 




2 


1 


3 


29 




• • • 


• • • 


• •  




• • • 




4 


1 


5 


30 




1 


 •  


1 




• • 




2 


• • • 


2 


31 




o 


• • • 


2 




• • « 




1 


• • • 


1 


Sum 


3 


21 


n 


35 


i 


3 


31 


17 


52 



(>(> 



F. OMOHI. 



Day 


July, 


1892. 




August, 1802. 


weak 
shocks 


fccMo 
shocks 


sounds 


811111 


strong 
shouks 


woak 
shocks 


feeble 
shocks 


sounds 


8ii in 


1 


i 




1 




• •  


• • • 


1 
1 
1 

4 | 


4 


2 




l 


1 

| 






• • 


• • • 


i 


• • a 


1 


3 




• • • 


I 


1 




• • 


• • • 


3 


1 


4 


4 




o 


1 


3 




• * 


i 


• • • 


.. 


i 


5 




• • • 


1 


1 




• • 


l 


a a a 


1 


._> 


(3 




• • • 


 • • 


• • • 




• • 




1 


• • a 


i 


7 

8 

a 




1 


• • • 


1 




t • • 




• • • 


• • • 


a a a 




• • • 

1 


 • • 

1 


• • • 


' 


» • • 

1 •  




• • • 

• • • 


a • • 
• • • 


a a a 


10 




• • • 


• • • 


• • • 




• • 




• • • 


« • • 


• a • 


il 




1 


• a • 


l 




• • 




• • • 


• • • 


• a • 


12 




• • • 


• • • 


• • • 




• • 




I 


• • • 


1 


18 




• • • 


• • • 


l 




• • 




• • • 


I 


1 


14 




o 


a • • 


2 




k • • 




• • • 


3 


3 


15 




• • • 


• • • 


* • • 




• • 




• • • 


1 


1 


10 




• • • 


• • • 


• • • 




1 • • 




•  • 


I 


1 


17 




• • • 


• • • 


• • • 




» • • 




•  • 


• • • 


a • • 


18 




i 


• • • 


1 


: 


• • 




• • • 


a a a 


• a • 


19 




2 


1 


3 


1 




1 


• • • 


2 


20 




1 


• • • 


1 




 • • 


l 


3 


2 





21 




1 


1 


2 




1 • • 




2 


1 


3 


22 




• • * 


• • • 


• * • 




 • • 




1 


• • • 


1 


28 




1 


• • • 


1 




• • 




2 


1 


3 


24 




• • • 


1 


1 




1 • • 




1 


9 m • 


I 


25 




• • • 


• • • 


• • • 




 • • 




• • • 


1 


1 


26 




1 


1 


2 




 • a 




I 


• a • 


1 


27 




3 


• • • 


4 




• a 




1 


2 


3 


28 




• • • 


1 


1 




> • • 




2 


1 


3 


29 




• • • 


 • • 


• • • 




• • 




4 


1 


5 


30 




1 


• • • 


1 




1 • • 




2 


• • • 


2 


31 




2 


• • • 


2 




» • • 




1 


• • • 


1 


Sum 


3 


21 


11 


35 


1 


3 


31 


17 


52 
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F. 


0MORI. 














DlCKItBKR, 1892. 


January, 1893. 


Frbbuabt, 18D3. 


D.vy 


00 

•g-8 


.2.2 

J- 5 

«M CO 


3 
a 

1 


s 


11 

• • • 


a oo 

V 


9 


OO 


* 

• • • 


.. OB 
•M 00 


3 
2 


•4 

ua 


1 


• • • 


•  • 


1 


1 


• • • 


• • • 


• • • 


4 


2 





2 


• •  


• •  


• • • 


• • • 


1 • • • 


• • • 


i 


1 


• • • 


3 


• • • 


3 


3 


• • • 


• • • 


• • • 


• • • 


1 • • • 


1 


i 


•> 


• • • 


• • • 


• • • 


• • • 


4 


• • • 


• • • 


• • • 


• • • 


1 • # • 


• • • 


• • • 


• • • 


• • • 


o 


• • • 




5 


• • • 


• • • 


• • • 


• • • 


I • • • 


3 


• • • 


3 


• • • 


I 


• • • 


i 


G 


• • • 


• • • 


• • • 


• • • 


1 • • • 


• • • 


• • • 


•  • 


• • • 


• • • 


• • • 


. . . 


7 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


3 


• • • 


3 


8 


• • 9 


• • • 


1 


1 


• • • 


i 


• • • 


1 


• • • 


• • • 


• • • 


• • • 


9 


1 


4 


• • • 


5 


• • • 


• • • 


• • • 


• • • 


• • • 


i 


• • • 


i 


10 


• • • 


2 


• • • 


2 


• • • 


•  • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


11 


1 


2 


1 


4 


• • • 


i 


• • • 


I 


• • • 


• • • 


• • • 


 • • 


12 


• • • 


2 


• • • 


2 


1 • • • 


i 


• • • 


1 


• • • 


• • • 


 • • 


• • • 


13 


• • • 


2 


• • • 


2 


• • • 


i 


•  • 


1 


• • • 


• • • 


• • • 


• • • 


14 


• • • 


2 


• • • 


2 


• • • 


i 


• • • 


1 


• • • 


• • • 


1 


i 


15 
16 


• • • 

• • • 


• • • 

• • • 


• • • 

• • • 


• • • 

• • • 


• • • 

• • • 


• • • 

• • • 


• • • 

• • • 


• • • 

• • • 


• • • 

• • • 


• • • 
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• • • 
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• • • 
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17 
18 


* * • 

• • • 


• • • 

1 


• • • 
• • • 


• • • 

1 


• • • 

• • • 


• • • 

i 


•  • 

• • • 


• • • 

1 


• • • 

• • • 


• * • 
 • • 


• • • 

• • • 


• • • 

• • • 


19 


• • • 


5 


1 





• • • 


• • • 


i 


1 


• • • 


• • • 


• • • 


• • • 


20 


• • • 


2 


• • • 


2 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


 • • 


21 


• • • 


1 


• • • 
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 • • 


• • • 


• • • 


• • • 


1 


i 


• • • 




22 


• • • 


1 


• • • 


1 


• • • 


2 


• • • 


2 


• • • 


• • • 


• • • 
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23 


• • • 


1 


* • • 


1 


• • • 


2 


i 


3 


t • • 


• • • 


• • • 
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24 
25 

20 


• • • 


• • • 


1 


1 


• • • 


3 


i 


4 


• •  


i 


• • • 


1 


• • • 

• • • 


• • • 

1 


• • • 

• • • 


• • • 

1 


• • • 

• • • 


• • • 

« • • 


• •  

• • • 


• • • 

• • • 


• • • 

• • • 


• • • 

• • • 


• • • 

• • • 


• • • 

• • • 


27 


• • • 


1 


• • • 


1 


• • • 


1 


• • • 


i 


 • • 


• • • 


• • • 


• • • 


28 


• •  


1 


• • • 


1 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


29 


• • • 


1 


• • • 


1 


i 


1 


2 
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30 


• • • 


• • • 


1 


1 


• • • 


2 


• . • 
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31 


• • • 


1 


1 


2 


• • • 




• • • 


2 
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2 


80 


7 


89 


1 


°3 


7 


31 


1 


3 


20 
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• • • 
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... 
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• • • 


• • • 


9 • • • 
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1 
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• • • 
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1 
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2 

1 
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• • • 
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• • • 
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• • • 


•  • 


• • • 
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• • • 


* • • 

• • • 


• • • 

• • • 


7 


• • • 


• • • 


• • • 


• • • 


• • • 


• * • 


• • • 


• • • 


• • • 


8 


• • • 


a 


8 


• • • 


• • • 


i 


l 


• • • 


1 


• • • 


1 


• • • 


• • • 


• • • 


• • • 


9 


1 


4 


• • « 


5 


• • • 


• • • 


• • • 


• • • 


• • • 


i 


 • • 


i 


10 


• * • 


2 


• • • 


2 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 


 • • 


• • • 


11 


1 


2 


i 


4 


• • • 


1 


• • • 


1 


• • • 


• • • 


» • • 


• • • 


12 


• • • 


2 


 • • 


2 


• • • 


1 


• • • 


1 


• • • 


• • • 


 • • 


• • • 


13 


• • • 


2 


• • • 


2 


• • • 


1 


» • • 


1 


• • • 


• • • 


 • • 


• • • 


14 
15 
16 
17 
18 


• • • 

• • • 


2 

• • . 


• • • 

• • • 


2 

• • • 


• •  

• • • 


1 


• • • 

• • • 


1 

• • • 


• • • 


• * • 

• • • < 


I 

• • 


i 

• • • 


• • • 

• • • 

• • • 


• . • 

• . . 

1 


• • • 

• • « 

• • • 


• • • 

• • • 

1 


• • • 

• • • 

• • • 


• • . 
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1 


• • • 

• • • 

• • • 


• • • 

• • • 

1 


• • • 

• • • 

• • • 


• • • 

• • • 

• • • 


* • • 
i • • 
l • • 


• • • 

• • • 

• • • 


19 


• • • 
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i 
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• • • 
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1 


1 


• • • 


• • • « 


• • 
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20 


• • • 


2 


• • • 


2 


• • • 


• • • 


• • • 


• • • 


 • • 


• • • 


1 • • 


• • • 


21 
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1 


• • • 
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• • • 


• • • 


• • • 


1 


i 


• • 


2 


22 


• • • 


1 


• • a 


1 


• • • 


2 
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2 


• • • 
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2 


1 


3 


• • • 
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 • 
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• • • 


26 


• • • 


1 


• • • 


1 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • • 


• V 


• • • 


27 


• • • 


1 


• • • 


1 


• • • 


1 


• • • 


1 


• • • 


• • • • 


• • 


• • • 


28 


• • • 


1 


• • • 


1 


• •  


... 


• • • 


• • • 


• • • 


• • • • 


• • 


• • • 


29 


• • • 


1 


• • • 


1 


i 


1 


2 


4 










30 


• • • 


• • • 


1 


1 


• • • 


2 


• • • 


2 










31 


• • • 


1 


1 


2 
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• • • 






• • • 








* m a 
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1 








» • • 
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i • • 


• • 1 
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• • 


1 
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• • 
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• • . 






• • • 






• • • 


• • 4 
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• • • 


28 
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• • 




l 
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• •  






i 


• • t 




i 
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• • • 


• • i 
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• • • 






• • • 






• • • 


• • i 




• • • 


10 


] 


I 


• • • 






1 






• • • 


• • * 




• • • 


11 






• • • 






• • • 






• • • 


• • 




• • • 


12 






• • • 






• • • 






• • • 


a a « 




• • • 


13 






• • • 






• • • 






• • • 


1 




i 


14 






2 






2 






• • • 


• • 




• • • 


15 






• • • 






• • • 






• • • 


• • 




•  • 


16 






1 






1 






• • • 


• • « 




• • • 


17 






• • • 






• • • 






• • • 


• • 4 




• • • 


18 






2 






2 






• • • 


• • f 




• • • 


19 






1 






1 






i 


• • 




l 


20 






• • • 






• •  






2 


• • I 




2 


21 






• • • 


] 


L 


1 






4 


•  I 




4 


22 






1 






1 






2 


• • 






23 






1 






1 






•  • 


• • a 




• • • 


24 






• • • 






• • • 






• • • 


• • 1 




• • • 


25 


i 


L 


• • • 


i 


2 


] 


L 


• • • 


• • « 




1 


26 






• • • 


i 


1 






• • • 


• • t 




« • • 
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• • • 


• • • 


• • • 
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• • i 




• • • 
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• • • 


• • • 


• • • 
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I 
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• • • 
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• • • 






• • • 


• • < 
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i 
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TABUS VI.-DAILY NUMBERS OF EARTHQUAKES AT NAGOYA, 
FROM OCTOBER 28th, 1891, TO APRIL 30th, 1802. 
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1 00 
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s 
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4 


52 


50 
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• • • 
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• • • 




• • • 


5 


25 


30 


 • • 


5 


5 


3 








• • • 




• • • 


1 


30 


31 


2 


5 


7 


4 








• • • 




« • • 


2 


18 


20 


1 


y 


10 


5 








• • • 




• • • 


3 


17 


20 


• • • 


6 


6 











• • • 




• • • 


2 


15 


17 


 • • 


2 


2 


7 








• • • 




• • • 


2 


27 


29 


» • • 


4 


4 


8 








• • • 




• • • 


1 


17 


18 


• • 


3 


3 


9 








• • • 




• • • 


1 


15 


16 


, . 


6 


6 


10 








• • • 




• • • 


• • • 


12 


12 


• • 


4 


4 


11 








• • • 




• • • 


1 


4 


5 
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3 


3 
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• • • 


• • • 


• • • 


1 


6 


7 
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4 


4 
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• • • 
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1 


12 


13 
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4 


4 
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« • • 




• • • 
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12 


12 
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3 
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5 
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8 
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2 
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 • 
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3 
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4 


121 
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1 


5 
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1 


1 
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7 
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• • • 


5 


5 
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3 


3 
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4 


89 


93 


•  a 


• • • 


2 


2 


• • 


3 


3 


31 




3 


76 
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• • 


5 


5 


Sum 


1 


18 


464 


483 


1 


27 


388 


416 
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110 


113 
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TABLE VII. -DAILY NUMBERS OF EARTHQUAKES AT TSU, 






FROM OCTOBER 28th TO DECEMBER 31st, 1891. 
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4 
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1 


1 
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2 


C 
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7 


i 
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1 

I 
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• • • 


i 

• • • 


4 


1 


5 
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1 


1 
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• • • 
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• • • 


• • • 
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3 
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1 
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2 
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1 
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7 
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3 


3 


1 
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2 
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i 
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• • • 
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2 
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2 


2 
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• • • 
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• • • 


4 


4 . 


• • 


•  • 


• • • 


1G 




• • • 


• • • 


• • • 




• • • 


• • • 


• • • 


... 


* 

• • •  


• • 


2 


2 


17 
18 




• • • 


• • • 


• • • 




• • • 


• • . 


• • • 


3 


3 


 • • 


• • • 


• a • 


19 




• • • 

•  • 


• • • 

• • • 


• • • 




• •  


• • • 


• • . 


• • • 


• • • 


 • 


• • • 


• . . 


20 




• • • 


• • • 


• • • 




• • • 


• • . 


• • . 


1 


1 


. . 


. . . 


• • • 


21 




• • • 


• *  


• • • 




• • • 


2 


. • • 


• • • 


2 


. . 


. . . 


• • • 


OS) 




•  • 


• • • 


   




• • * 


• • • 


 • • 


• . • 


• • • 


• . 


• • • 


• • • 


23 




• • • 


• • • 


• • • 




• • • 


. • • 


... 


2 


2 . 


• • 


... 


• • • 


24 




• • • 


 • • 


• • • 




• • • 


• • • 


... 


• • • 


• • • 


• • 


2 


2 


25 




• • • 


• • • 


• • • 




• • • 


• • • 


• « • 


• • • 


• • 


• • • 


. . . 


• . « 


2G 




• •  


• • • 


• • • 




• • • 


• • • 


• • • 


... 


• . • 


» • • 


1 


1 


27 




• • • 


• • • 


• • • 




• • • 


... 


• • • 


2 


2 


 • • 


• • • 


• • • 


28 




1 


12 


58 


2 


73 


1 


1 


• • • 


2 


• • • 


1 


1 


29 




• • • 


• • • 


32 


7 


39 


• . • 


• * • 


4 


4 


1 • • 


1 


1 


80 




 • • 


8 


5 


9 


17 


.  . 


• • • 


• • • 


* • 


 • . 


1 


1 


81 




• • • 

1 


• • • 

15 


3 
99 


7 
25 


10 
140 






69 


89 


* . • 

3 


1 

21 


1 


Sum 


3 


i n 

1 


24 



TABLE 



p. omohi. 



TABLE IX.-DAILY NUMBERS OF BABTHQUAKES AT OSAKA, 
FROM OCTOBER 28th TO DECEMBER 31st, 1891. 





Octobkr, 1891. 


XOTBXBIR, 1891. 


December, 1891. 


Day g 




F-8 
•A 

CO 


11 


.2.2 


cp S 


i 


4J3 « 
*•£ J 

OB «H 


1 


3 

B 


11 




3 
B 


1 






• * • 






2 


• • 


2 


• • • 


• 
• • • • 


• • 


o 






 •  








1 


• • 


1 


• • • 




• • • 


• • 


3 






• • • 








• • • i 


• • 1 


• • 


 • • 




1 


1 


4 






• • • 








• • • i 


• • • 


• • 


1 




• • 


1 


5 






• • • 








• • . 


• • • « 


• • 


• • • 




» • • • 


• • 


It" 






• • • 








1 


1 • • 


1 


• • • 




• • • 


• • 


7 
8 






• • • 

• • • 








1 

• • • 1 


• • 

• • 1 


1 

• • 


• • • 

• • • 




• • 1 

• • 1 


• • 

• • 


9 
10 






• • • 

• • • 










• • 

• • 


• • • 
i • • * 


• • 

• • 


• • • 

• • • 




» • • • 

» • • i 


• • 

• • 


11 






• • • 










• • 4 


• • • 


• • 


• • • 




• • • 


• • 


12 






• • • 










• • « 


t • • • 


 • 


• • • 




• • 1 


1 • • 


IS 






• •  










• • 


• • « 


• • 


• • • 




» • • • 


• • 


14 






• • • 










• • 


• • t 


• • 


• • • 




i • • • 


• • 


15 






• • • 










• •  


• •  


• • 


• • • 




• • 


• • 


lf> 






• • • 










• • l 


• •  


• • 


• • • 




• • 


• • 


17 






• • • 










• • < 


• • f 


• • 


• • • - 




• • • 


• ff 


18 






• • • 










I • • 


• • I 


• • 


• • • 




1 • • < 


• • 


19 






• • • 










• • 


• • 


• • 


• • • 




» • • * 


• • 


'20 






• • • 










• • 


1 • •  


• • 


• • • 




• • I 


• • 


'21 






• • • 










• • 1 


1 • • « 


 • 


• • • 




• • 


• • 








• • • 










1 • • 


1 


1 


• • • 




I • • 1 


» • • 


23 






• • • 










• • • « 


► • • < 


• • 


• • • 




1 • • 


 • • 


'24 






• • • 










ft • • 


» • • • 


 • 


1 




• • 


1 


25 






• • « 










ft • • 


1 • • * 


• • 


• • • 




1 • • 


ft • • 


20 






• • • 










1 • • 


1 • • * 


• • 


• • • 




i • • i 


• • 


27 






• • • 










• • • 


l • • 


ft • • 


• • • 




ft • • 


 • • 


28 


1 


2 


8 


22 , 


33 




I • • 


1 • • 


1 • • 


• • • 




ft  • 


• • • 


29 






3 


2 


5 




ft • • 


1 


1 


1 




• • • 


I 


30 




1 


1 


4 


6 




  • 


• • • 


ft • • 


• • • 




» • • 


► • • 


31 






1 


1 


2 








• • • 




ft • • 


ft • • 


Sum 


1 


3 


13 


29  


4G 


5 


2 


7 


3 


1 


4 
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*B X. -MONTHLY NUMBERS OF EARTHQUAKES AT GIFU, 
GTAGOYA, TSU, KYOTO AND OSAKA, FBOM OCTOBER, 

1801, TO DECEMBER, 1083. 



Month 




•••, 



lb 



I'm; 



140 

80 

24 

12 

10 

7 

4 

1 

1 

1 

7 

'2 



2 

2 

1 

1 

1 
o 



810 



Ktuto 



J 



m 

20 

10 

5 

5 

1 

o 



3 

• • 

1 
1 
2 

• • 

2 



2 
1 



120 



Osaka 



< 



40 
7 
4 
2 



1 



o 



2 
1 



1 




8 



F. OMOBL 



3LS XL-TIMB8 OF OOOUBBSHTOX OF BABTHQUAEBS AT GHFtT, 


FBOK OOTOBXB 28th, 1 ] 


pah, TO BOVnCBBB 10th, IS pa, 1801. 


t 28th, 1801 


4.56 p.m. 


8.41 pan. 


0.49 aju. 


3. 5 a.m. 


1.55 pjn. 


4.58 


8.42 


0.58 


3. 9 


2. 3 


5.25 


8.45 


1. 1 


3. 9} 


2.11 


5.30 


8.50 


1. 5 


3.13* 


2.12 


5.50 


8.53 i 1.10 


3.19 


2.16 


6. 4 


0. 3 ! 1.12 


3.20 


2.27 


ti.ll 


9. 7 


1.16 { 3.21 


2.32 


ti.14 


9.17 


1.17 3.23 


2.41 


(i.15 


9.21 


1.20 


3.24 


2.45 


6.17 


9.22 


1.29 


3.35 


2.50 


6.18 


9.34 


1.31 


3.50 


2.51 


6.26 


9.36 


1.34 


3.59 


2.55 


6.27 


9.40 


1.33 


4. 


3. 3 


6.28 


9.44 


1.39 


4. 5 


3. 6 


6.31 


9.52 


1.43 


4. 7 


3.10 


6.34 


9.58 


1.44 


4. 8 


8.22 


6.42 


10.14 


1.50 


4.104 


8.32 


6.44 


10.18 


1.53 


4.15 


8.51 


6.47 


10.21 


1.54 


4.18 


8.52 


6.48 


10.21 


1.56 


4.19 


3.58 


7. 1 


10.80 


1.57 


4.22 


3.55 


7. 2 


10.40 


2. 7 


4.23 


3.58 


7. 8 


11.0 


2. 9 


4.27 


4. 1 


7.13 


11.10 


2.11 


4.29 


4. 6 


7.14 


11.14 


2.19 


4.32 


4.13 


7.18 


11.32 


2.28 


4.33 


4.20 


7.26 


11.41 


2.33 


4.35 


4.22 


7.38 


11.49 


2.34 


4.36 


4.24 


7.40 


11.53 


2.36 


4.38 


4.25 


7.50 


October, 29th 


2.89} 


4.40 


4.41 


7.51 


0. 1a.m. 


2.42 


4.42 


4.43 


7.54 


0.12 


2.49 


4.45 


4.45 


7.57 


0.14 


2.54 


4.47J; 


4.48 


8. 7 


0.20 2.50 4.481 


4.51 


8.22 


0.28 2.57 4.51 

i 


4.52 


8.23 


0.37 2.30 ' 4.52 


4.54 


8.32 


0.46 


3. 3 


4.55^ 



4.27* 
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rtober, 30th 


2.40 a.m. 


6. 8 a.m. 


2.53£ p.m. 


10.16 p.m. 


6.34 p.m. 


2.46 


6.14 


3. 1 


10.29 


6.3ft 


2.48 


6.28 


3. 8 


10.34 


6.40 


2.50 


6.35 


3.29 


10.36 


7. 


2.51 


6.48 


3.42 


10.48 


7. 2 


2.56 


6.57 


3.51 


10.59 


7. ft 


2.57 


6.59 


4. 1 


11. 6 


7. 7 


2.59 


7. 7 


4.12 


11.43 


7.25 


3. ft 


7.13 


4.40* 


11.52 


7.27 


3.10 


7.22 


4.51 


Nov., ]Rt 


7.31 


3.22 


7.24 


5.12 


0. 7 a.m. 


7.42 


3.25 


7.40 


5.45 


0. 8 


7.43 


3.46 


7.47 


6. 5 


0.13 


7.49 


4. 4 


8.18 


6.12£ 


0.18 


7.53 


4. 8 


8.26 


6.14 


0.19 


7.57 


4.10 


8.38 


6.16 


0.42 


8. 1 


4.14 


8.51 


6.22 


0.55 


8. 2 


4.17 


8.53 


6.24 


1. 2 


8. 7 


4.19 


8.55 


6.57 


1.23 


8.12 


4.31 


8.57i; 


7. 8 


1.29 


8.14 


4.37 


9.11 


7.12 


1.30 


8.22 


4.39 


9.27 


7.16 


1.34 


8.28 


4.43 


9.34 


7.17 


1 .35 


8.30 


4.49 


9.39 


7.21 


1.44 


8.47 


4.ftft 


10.23 


7.27 


1 .45 


8.50 


5. 4 


10.30 


7.29 


1 .57 


8.53 


5. y 


10.35 


7.32 


2.10 


9. 


5.15 


11.14 


7.34 


2.27 


9.17 i 


5.17 


11.19 


7.35 


2.34 


9.22 


5.21 


11.27£ 


l.-r.) 


2.42 


9.25 1 


r. or, 


0. 5 p.m. 


8.11 i 

f 


2.44 


9.30 


5.29 


0. 8 


8.14 


2.47 


10.30 


5.30 


0.36 


8.15 


2.50 


11.47 


5.34 


1. 2i 


8.24 


2.54 


'tober, 31st 


5.38 


1 .35 


8.35 


2.57 


0.20 a.m. 


5.40 


1.48 


8.4C> 


3.22 


2.20 


5.49 


2.22 


9.14 


4.33 


2 3« 


5.58 


2.32 


9.35 


4.40 
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Mov., 3rd 


7. 3 p.m. 


5. a.m. 


5.31 p.m. 


6.24 a 


7.41 ft.m. 


7.28 


5.29 


6.19 


6.33 


8. 4 


7.29 


5.34 


6.58 


7.10 


8.20 


7.38 


5.54 


7. 

• 


7.28 


8.32 


7.50 


6. 8 


7.10 


7.48 


8.53 


7.55 


6.26 


7.16 


8. 9 


8.55 


8.12 


6.35 


7.19 


8.46 


9.1 5 


8.15* 


6.36 


7.45 


9.16 


9.45 


8.40 


6.47 


8.30 


9.18 


10.20 


8.49 


7. 4 


8.40 


9.58 


10.21 


8.52 


7.47 


8.51 


10.24 


10.32 


9.23 


8.15 


9.24 


11.16 


11. 2 


9.34 


8.17 


9.35 


11.32 


11.11 


9.35 


9.20 


9.50 


0.15 p 


11.30 


9.47 


9.22 


9.54 


1.48 


11.41 


10.14 


9.38 


10.17$ 


2.51 


0.38 pan. 


10.31 


9.55 


10.39 


3.35 


0.44 


10.36 


9.56 


10.41 


3.59 


0.58 


11.43 


10.27 


10.59 


5.10 


1. 


11.50 


10.44 


11. 


5.13 


1. 8 


Nov., 4th 


10.48 


11.10 


5.28 


1.16 


0.10 a.m. 


10.57$ 


11.17 


5.38 


2.1 3A 


0.32 


11. 4$ 


11.32 


6.48 


2.56 


0.52 


11.38$ 


Nov., 5th 


6.52 


3.44 


0.57 


11.51 


0.22 a.m. 


6.54 


3.54 


1. 3 


0.34 p.m. 


1. 1 


7.39 


3.58 


1.1K 


0.35 


1.14 


7.50 


4. 7 


1.27 


0.37 


1.52 


8. 8 


4.47 


1.40 


1. 


2. 3 


8.10 


4.49 


1.57 


1.17 


2.22 

i 


8.23 


4.50 


1 .58 


1.49 


3. 2 


8.36 


5. 7 


2.12 


2. 7 


3.22 


9.10 


5.28 


2.25 


2.19 


3.48 


9.19 


5.34 


«j.O« ' 


2.20 


4. 4 


9.25 


5.42 


3. 


3.15 


5. 


9.28 


0.19 


.). 1 


3.34 


5.15 ! 


10.24 


0.3(5 


4. 5 


4. 


5.22 


10.58 


0.45 


4.20 


5. 2 


5.24 


11.35 



1 




P. OMORT. 






Nov., 5th 


1.14 p.m. 


1.45 a.m. 


11.28 p.m. 


10.26 J 


11.37 p.m. 


1.25 


8.29 


11.30 


10.58 


Nov., 6th 


2.16 


4.21 


Nov., 8th . 


11.38 


0.10 a.m. 


2.17 


4.55 


0.22 a.m. 


11.39 


0.12 


2.39 


5.52 


0.53 


1 1 .45 


1. 4 


2.45 


G. 7 


1. 5 


11.48 


1.17 


3.42 


6. 9 


1. 7 


11.56 


2. 7 


3.50 


G.47 


2.32 


Nov.. 9» 


2.47 




G.57 


4.15 


1.18a 


2.45) 


5. 7 


7.85 


4.35 


1.27 


3.17 




7.47 


5.50 


1.40 


3.26 


5.47 


8.12 


•J..J.I 


1.46 


3.30 




8.26 


G.89 


2.47 


4.4 


6. 7 


8.57 


7.26 


•4 OK 


4. 8 


6.42 


9.271 

• 


7.48 


8.8G 


4.20 


7. 2 


9.49 


7.50 


4. 


4.25 


7. 6 


11.44 


8. 3 


4.14 


4.32 


7.11 


0.14 p.m. 


8.24 


4.20 


4.39 


7.23 


2. 


9.12 


4.22 


4.56 


1 

1 1 .O 1 


2.30 


10. 7 


4.321 


5. 9 


8. 8 


2.36 


10.41 


4.48 


5.32 


8.10 


2.48 


10.44 


5.25 


5.52 


8.10 


3.49 


10.58 


5.27 


6.18 


9 25 


4.34 


11. 84. 


G. 8 


6.57 


10.10 


5.12 


11.17 


6.20 


7. 7 


10.30 


5.23 


11.27| 


G.23 


9.42 


10.50 


5.47 


1 1 .45i 


6.37 


9.58 


11. 2 


6. 6 


2.44 p.m. 


6.47 


10.24 


11. 5 


7. 8 


4. 6 


7.24 


11. 2 


11.32 


8. 5 


4.15 


8. 


11.15 


11.35 


8.10 


5. 1 


9.30i 


1 1 .22 


11.41 


8.43 


6.33 


10.59 


0. 9 p.m. 


Nov., 7th 


9. 1 


6.364 


11.48 


0.25 


0. 9 a.m. 


9.13 


7 o 


0.34 p 


0.36 


0.25 


9.40 


8.10 


2.13 


0.39 


0.30 


9.58 


8.14 


V' 


0.44 


0.48 


10.52 


8.40 


3. 7 


0.52 


0.58 


11. 7 


9.44 


3.39£ 
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Nov., 9th 


10.42 J p.m. 


3.35 a.m. 


9.39 a.ni. 


7. 8 p.m. 


4. 4£p.ni. 


11. 


5. 


10.42 


7.12 


4.40 


11. 4 


5.39 


11. 7 


7.21 


5. 8 


Nov., 10th 


6. 8 


11.38£ 


8. 1 


5.33 


0. a.m. 


6.23 


0.46£ p.ui. 


9.13 


6. 3 


1.24 


6.34 


3.55 


9.59 


7.25 


1.45 


7.32 


5.37 £ 


10.10 


9. 6 


1.57 


7.45 


5.3*4 


10.43 


9. 5 


2.48 


7.58 


5.40 


11.10 


9.41A 


2.57 


8.51 


5.51 


11.30 


10.22 


2.58 


9.31 


6.47 


11.33 



86 



F. OMORL 



[TABLE XTL-TIMBS OF OCCURRENCE OF EARTHQUAKES AT NAGOY A, 
FROM OCTOBER 2Sth, 1 p.m., TO NOVEMBER 10th, 12 p.m., 1891. 



)ct 28th, 1891 


4.24.30 p.m. 


8. 7.40 p.m. 


11.13. 0p.m. 


3.30.50 a.m. 


1.9.45p.m. 


4.24.52 


8. 9.35 


11.18.31 


3.34.30 


1.16.5 


4.28.10 


8.10.46 


11.21.26 


3.39. 


1.22.45 


4.33.59 


8.23.24 


11.40.30 


3.40.50 


1.43.14 


4.44.32 


8.32. 


11.44.11 


3.41.30 


1.54.13 


4.51.40 


8.32.36 


October. 29th, 


3.46.55 


1.54.32 


4.56. 8 


8.36. 6 


0. 2. a.m. 


3.55.35 


1.55.00 


4.57.10 


8.41.49 

• 


0.19.45 


3.57.2S 


2. 2.24 


5. 0.30 


8.46.41 


0.22.30 


4. 2.10 


2. 2.50 


5. 4.40 


8.52.36 


0.34.11 


4.13.40 


2.10.31 


5.15. 2 


8.53. 4 


0.38.39 


4.21. 


2.19.33 


5.17. 1 


8.55.15 


0.46.29 


4.21.40 


2.21. 8 


5.31.25 


8.57.49 


0.58.26 


4.28.30 


2.22.30 


5.33. 8 


9. 3. 


1. 1.43 


4.35. 


2.25.46 


5.39.55 


9. 4. 8 


1. 7.38 


4.36.30 


2.31.40 


5.42.15 


9. 8.12 


1.16. 


4.39.30 


2.35.18 


5.45.40 


9.21.12 


1.20.20 


4.44.15 


2.29.44 


5.51.59 


9.24. 9 


1.30.29 


4.50.30 


2.41.37 


6. 4.10 


9.33.36 


1.49.33 


4.55. 


2.48.56 


6.14.35 


9.41. 3 


1.53. 4 


5. 3.30 


2.50. 2 


6.16.39 


9.46.10 


1.57. 


5. 7.30 


2.56.13 


6.19. 5 


9.44.13 


2.18. 8 


5.12.30 


3. 2. 5 


6.26.25 


9.52.40 


2.24.25 


5.23.50 


3.21. 


6.27.50 


10. 7.59 


2 'W -»6 


5.28. 


3.22. 5 


6.38.27 


10.11.33 


2.33.46 


5.50. 


3.23.35 


6.47.53 


10.17.45 


2.35.10 


5.53.30 


3.24.54 


7.12.45 


10.30. 


2.38.2 1 


6. 4.30 


3.31.48 


7.13.40 


10.30.34 


2.46.58 


1). 13.30 


3.49.55 


7.16.40 


10.39.14 


2.48.24 


0.13.5'J 


3.51.23 


7.17.45 


10.44.12 


3. 0.59 


6.43.25 


3.52.14 


7.19.25 


10.47.21 


3. 2.57 


6.45.20 


3.53.12 


7.26.30 


10.53. 2 


3. 7. 


7. 0. 


3.55.22 


7.29.31 


11. 2.12 


3. 4.20 


7. 3.30 


4.13.15 


7.34. 5 


11. 3.36 


3.11.40 


7.12. 


4.15. 8 


7.41.14 


11. 7.26 


3.19.10 


7.20.35 


4.21.25 


7.42. 7 


11. 9.32 


3.20.55 


7.30.45 


4.22.10 


7.46.30 


11.11.21 


3.28.50 


7.40. 
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7.52.35 a.m. 


0.59.22 p.m. 


7. 7.3 0p.m. 


0.40. 4 a.m. 


1 1.31.25 a.m. 


7.56.10 


1.19.39 


7.30.20 


0.47.12 


11.50.25 


7.58.32 


1.24.12 


7.39.10 


0.49.29 


0.29.32 


8. 4.45 


1.34. 4 


7.45.20 


0.51.20 


0.43.27 p,m 


8. 1 1.28 


1.34.22 


7.46.10 


1. 7.32 


1. 2.30 


8.14.30 


2. 8.23 


7.55.24 


1. 9.50 


1. 4.19 


8.26.10 


2. 8.50 


8.18.21 


1.13.31 


1.47.21 


8.27.15 


2.10.15 


8 33.22 


1.15.50 


2.24.12 


8.33.37 


2.42.30 


8.31.50 


1.2S.15 


3. 6. 5 


8.36. 7 


2.53. 


8.41.15 


1.28. 


3.17.28 


8.37.53 


2.59.40 


8.48. 


1.30. 


3.59.25 


8.41. 1 


3. 3.50 


8.51.37 


1.30.22 


4.28.35 


8.50.57 


O. t).*")-j 


8.58.26 


1.39.45 


4.39. 5 


9. 7.20 


3. 14.44 


9. 1.45 


1.51.25 


5. 8.29 


9.15.56 


3.1G. 5 


9.34.36 


1.54.10 


5. 9.19 


9.21.25 


3.22.25 


9.43.33 


1.56.21 


5.10.10 


9.24.18 


3.33.10 


9.51.49 


2. 6.20 


5.24.15 


9.40. 5 


3.35. 


10.29.25 


2.27.18 


6. 1. 6 


9.44. 


3.44.25 


10.44.30 


2.36.15 


6. 7.32 


9.54.40 


3.45. 


10.48.37 


3.35.15 


6.27.12 


10.20.50 


4.1«J.5U 


10.53.25 


3.40. 


6.36. 2 


10.37.40 


4.22.20 


11. 2. 


4.16.45 


6.42.32 


10.44.20 


4.37.15 


11. 9.16 


4.35. 


7. 7.22 


10.46.31 


4.43.40 


11.14.50 


4.53.42 


7.17.17 


10.49.42 


4.49.20 


1 1.32.29 


5. 7. 5 


7.49.22 


11. 7.20 


5. 3.10 


11.44.19 


5.42.17 


7.53.10 


11.12.30 


5.25.50 


11.46. 


5.52.22 


8.49.45 


11.22.36 


5.28.10 


October 30th 


O.t) 1 . md 


9. 6.52 


11.27.40 


5.30. 


0. 4.12 a.m. 


6.10. 


9.25.51 


11.34.45 


5.43.45 


0. 5. 


6.17.31 


9.36.32 


11.51.50 


5.47.25 


0. 0.51 


7.19.20 


10. 4. 7 


0. 6.25 p.m. 


5.57.27 


0.12.35 


7.54.26 


10.10. 7 


0.13.40 


(5. 4. 


0.14.40 


8.17.20 


10.2 1 .32 


0.17.15 


(5.32. 1 2 


0.16.10 


8.17.20 


10.23.22 


0.4(5.37 


6.39. 


0.29. 


8.30.22 


10.27.35 


0.47.50 


(.5.45.30 


0.29.40 


9. 5. 5 


10.30.50 


0.51. 


(5.51.20 


0.32. 


10. 5.27 


10.37.52 


0.56.40 


7. 4.23 


0.37.15 


11. 2.40 


10.58.35 
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0. 1.2.') p.m. 


Nov., 5th. 


11.19.41a.m. 


3. 0. p.m. 


4.20.10 a.m. 


1.22.80 


3. 1.30 a.m. 


1.25.15 p.m. 


7.39.59 


4.34. 2 


4.50.40 


3.54. 


3.31.21 


9. 3. 4 


5. 7.12 


4.51.42 


4.45.50 


7.43.30 


11.14.30 


5.13.40 


7.29.20 


0.33.15 


7.53. 


Nov., 8th 


6.25. 


8.51.20 


0.34. 5 


8.35.15 


0.54.40 a.m. 


7.17.25 


9.54.20 


7. 7.35 


8.39. 


1. 0. 5 


8.20. 2 


Nov., 4th 


7.49. 


9.23.40 


1.24.25 


0.38.14 p.m. 


0.18.29 R.m. 


9.58.40 


10.11.15 


1.52.40 


2. 1.10 


0.45.25 


10.24.25 


10.32.25 


3. 8.45 


7.32.10 


1.20.34 


11.57.12 


10.41.52 


3.24.43 


7.52.10 


1.27.45 


0.44.52 p.m. 


Nov., 7th 


5.23.12 


8.55. 


1 .33.40 


3.35.13 


0. 1.20 a.m. 


9. 2.59 


Nov., 10th 


2. 0. 


5. 9.50 


0. 9.21 


11.10.58 


2.44.30 a.m. 


4. 2.10 


5.42.45 


0.10. 


1.28. 5 p.m. 


5. 2.50 


4.12.21 


7.10.21 


0.12. 9 


1.30. 


0. 3.45 


4.21.50 


9.29.50 


1. 1. 5 


1.47.15 


6.24.27 


0.37.45 


10.10.15 


1.40.12 


6.37.50 


8.34. 


K.19.15 


10.41.18 


2.45.30 


9.34.20 


9.32.35 


11.59.30 


10.45.38 


3.16.40 


10.38.50 


11.58. 7 


2.22.31 p.m. 


11.43. 5 


4.18.20 


11.36.50 


5. 10.2* p.m. 


3.15.18 


Nov., 0th 


4.18.50 


11.46.39 


5.4 1 .34 


3.50.45 


0.50. a.m. 


5.47.55 


11.58.15 


6.14.19 


4.18. 8 


1. 0.15 


5.55. 


Nov., 9th 


7.27. 7 


4.39.20 


1.19. 7 


6.38.50 


0.36.25 a.in 


8. 4. 


4.44.35 


4.25.40 


9.18.15 


2.48.47 




7. 1.20 


7.20.45 


1. 9.22 p.m. 


3.25. 




8.22. 5 


9.59.45 


2.48.58 


3.37.20 





TABtH XI1X— HOUBLY NUMBBBS OF EARTHQUAKES AT GIFTJ, 
FBOM OCTOBEH 28th TO NOVKBtHKH 16th, 1891. 
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(During Night, or between G p.m. and fi a.m., 7(K> 
I ,. Day G a.m. and G p.m.. 6*0 
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TABLE XIV.-HOURI.Y CTTKBKHS OP EARTHQUAKES OF N AGOYA, 
FROM OCTOBEB 28th TO NOVEMBER 10th, 1891. 
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— In forming the hourly •■ auuis." the record for Octolwr 28th 1 



(During Xi^ht. or lietweon 6 p.m. anil 6 a.m., 3ili 
D.iy G a. m . „ 6 p.m., S2fi 



I. The times of earthquake occurrence were lost in n few 
r ia slightly leas tluin uecordini; lo Table VI. 
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TABLE XV.-DAH.Y NUMBERS OF EARTHQUAKES AT CHIBAN, 
FROM SEPTEMBER 7th, 1893, TO JANUARY 31st, 1894. i 





m 


September, 


1893.° 




Octobkb, 1893. 


Day 


00 30 


^ CO 


U 

9 o « 
3 5 p 


mm 

5 

09 


•C 
'i 


+-mG 

CO 09 


m 
MM 


u 

*" Js 00 

Qb 


0* 
3 

5 




1 


m  • 


•  • 


• • • 


• • • 


• • • I 




• • • 


2 


2 


o 


2 : 


• • • 


• • • 


•  • 


• • * 


• • • ' 




2 


• • • 


mm 


2 


3 


• • • 


• • • 


• • • 


• • • 


' # ' 1 




• • • 


2 


2 


2 


4 


• • « 


• • • 


• • • 


• • • 


1 
... ! 




• • • 




2 


o 

smd 


5 


• • • 


• • • 


• • • 


• • • 


• • • 




• • • 


 • • 


• • • 


• • • 


6 


• • • 


• • • 


• • • 


• • • 


• • • 




• • • 


• • • 


• • • 


• • • 


7 


• • • 


• • • 


• • • 


• • • 


• • • 




• • • 


1 


1 


1 


8 


4 


7 


34 


45 


49 




• • • 


• • • 


• • • 


• • • 


9 


5 


12 


27 


44 


49 




• • • 


• • • 


• • • 


• • • 


10 
11 


1 


4 


23 
14 


28 


29 




• • • 


• • • 


• • • 


• • • 


• • • 


9 


23 


23 






^^^^» • • 


• • • 


• • • 


12 


• • • 


3 


15 


18 


18 




1 


• • • 


1 


I 


13 


1 


1 


14 


16 


17 




• • • 


• • • 


• • • 


• • • 


14 


3 


2 


16 


21 


24 




• • • 


• • • 


• • • 


• • m 


15 


•  • 


4 


8 


12 


12 


1 


1 


• • • 


2 


3 


16 


• • • 


• • • 


8 


8 


8 




•  • 


1 


1 


1 


17 


1 


1 


3 


5 


6 




• • • 


1 


1 


1 


18 


• • • 


2 


5 


7 


7 




• • • 


* • • 


• • • 


• • • 


19 


• • • 


• • • 


5 


5 


5 




• • • 


• • • 


• • • 


• • • 


20 


• • • 


3 


3 


6 


6 




• • • 


• • • 


• • • 


• • • 


21 


• • • 


• • • 


4 


4 


4 




• • • 


• • • 


• • • 


• • • 


22 


• • • 


• • • 


3 


3 


3 




• • • 


• • • 


• • * 


• • • 


23 


• • • 


i 


3 


4 


4 




• • • 


• • • 


• • • 


• • • 


24 


• • • 


i 


1 


2 


2 




1 


1 


2 


2 


25 


• • • 


i 


2 


3 


3 


1 


1 


1 


3 


4 


20 


• • • 


i 


3 


4 


4 




1 


7 


8 


8 


27 


• • • 


• • • 


• • • 


• • • 


• • • 




• • • 


2 


2 


o 

*ml 


28 


• • • 


• • • 


• • • 


• • * 


• • • 




1 


2 


3 


3 


20 


• • • 


2 


1 


3 


3 




1 


1 


2 


2 


30 


• • • 


• • • 


2 


2 


2 




• • • 


• • • 


• • • 


• •  


31 














• • • 


• • • 


• • • 




1 

Sum 


i 15 


54 


194 


263 


278 


2 


9 


23 


34 


3() 



1. The Ivagoshima earthquake took place on September 7th at 2.4G a.m., and the record of 
fter shocks was not taken till about 9 p.m. of the same clay. The figures in this Table are 
ie numbers of earthquakes during successive twenty-four hours between 9 p.m. of each day 
id 9 p.m. of the next. 
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X< 


CTKHBBB, 1893. 


Dtcembsb, 1893. 


January, 1894. 


Day 


►•a 


O oc 

08 


0m 

a 
S 


3 




u 

O 09 
MM g 

v © 5 

CO 


a 

3 

00 


•** 
3 


 
a* 

00 00 


i 


u 

- -2 oo^ 

2 » o z 
" V o c 
a «m^5 » 

CO 


3 

s 

00 


• •«« 

3 


1 

2 




• • • 


• • • 


• • • 






• • • 


• • • 




9 • i 


1 


1 


1 


3 






• • • 


• • • 






• • • 


• * • 




• • 


• • • 


•  • 


• • • 


4 






• • • 


• •  






• • • 


• • • 


1 


2 


• • • 


3 


4 


5 






 • • 


• • • 






• • • 


• • • 




1 


6 


7 


7 


6 




1 


1 


1 






• • • 


• • • 




• • 


3 


3 


3 


7 


l 




1 


1 






• • • 


• • • 




• • 


t • • • 


• • • 


• •  


8 




2 


2 


2 






• • • 


• • a 




• • 


1 


1 


1 


9 






• • • 


• • • 






• « • 


• • • 




1 


3 


4 


4 


10 






• • • 


• • • 






a • • 


• • • 




• • 


1 


1 


1 


11 






• • • 


• • • 






• • • 


• • • 




• • 


2 


2 


2 


12 






-• • • 


• • • 






 • • 


• • • 




• • 


1 


1 


1 


13 






• * • 


• • • 


1 


1 


2 






• • 


2 


2 


1 


14 


2 




2 


2 ! 






• • • 


• • • 




• • 


5 


5 


5 


13 






• • • 


• • • 






• • • 


• • • 




• • 


2 


2 


2 


10 






• « • 


• • • 






• • • 


• • • 




• • ( 


1 


1 


1 


17 






• • • 


t • • 






• • • 


• • • 




• • t 


1 


1 


1 


18 


2 


2 


4 


4 






 • • 


 • • 




• • t 


• • • 


• • • 


• • • 


19 






• • • 


• • • 






• • • 


• • • 




• • * 


3 


3 


3 


20 






• * • 


• • • 






• • • 


• • • 




• • i 


• • • 


• * • 


• «  


21 






• • • 


... 






•  • 


• • • 




 • i 


1 


i 


i 


22 






• • • 


• • • 




2 


O 


2 




• • 


1 


i 


i 


23 






• • • 


1 

• • • 






• • • 


• • • 




•  i 


1 


i 


i 


24 






• • • 


• • • 






• • • 


• • • 1 




• • 


1 


i 


i 


25 


I 




1 

• • i • • • 


4 


1 


a* 




5 




• • i 


1 


i 


i 


20 


1 

1 • • • 

1 




•  • 


i 
• • • 


2 






o 




• • 


• ! i 


4 


4 


27 


* * * 


• • • 


• • • 


• • • 


• • • 




• • • 




• • • 1 • • 


. 1 ... 


• • • 


• • • 


28 




o 


2 | 2 


1 




1 


1 


1 


• • 


1 •  • 


• • • 


• • • 


29 






1 
• • • i . . • 


• . . 




• • • 


... 


1 

1 ... 

1 


. . 






.) 


30 


o 




2 i ° 


. . . 




• • • 




! ... ! 2 


4 


6 


(5 


31 


i 7 




i 


2 




2 
14 


14 




6 


• • • 

\ 47 


— •*** • 




Sum 


7 


14 ; 14 

1 : 


10 


4 


i ] 


54 


00 
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Day 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
31 

Sum 



Xovexbkb, 1893. 






2 



. 2 



u 

O JB 

3 - a S 



2 



a 
§ 



1 
1 

2 



2 






1 
1 

2 



I • 



14 



14 



December, 1893. 






O CO 

3.3g 

$ s i 

1M^3 CO 



4 
2 



2 



10 



1 



2 



1 



a 
s 

00 



1 



2 



14 






2 



» 5 
2 2 



1 



o 



14 



January, 1894. 



a-* 

1? 

CO '« 



1 



38 



1 



2 



G 



feeble 

shocks or 

sounds 


a 

s 

CO 

1 

• • • 


l 

• • • 


• • • 

• • • 

6 


3 

7 


3 


3 


• • • 

1 


• • • 

1 


3 


4 


1 


1 


2 


2 


1 


1 


2 


2 


5 


5 


2 


2 


1 


1 


1 


1 


• • • 

3 


• • • 

3 


• • • 

1 


• • • 

i 


1 


i 


1 


i 


1 


i 


1 


L 


4 

• • • 


4 

• • • 


• • • 

o 


• • • 

2 


4 

• • • 


G 


47 


54 






4 

7 
3 



I 

4 
1 
2 
1 
1 
5 
2 
1 
1 

• • • 

3 

• • • 

1 
I 
1 
1 



1 

4 



G 



09 



94 
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TABLE XVL— HOURLY NUMBERS OP EARTHQUAKES AT 

FROM 8th TO 21st, SEPTEMBER, 1893. 



Day 




September. 1893. 


sum 


Interval 


8 

1 

•» 


•> 
i 
i 

• • • 

i 

4 
2 
4 

• • • 

3 

• • • 

• • • 

• • • 

1 
3 

• • • 

3 
3 

• • • 

2 
3 

• • • 

42 


9 

• • • 

i 

2 
1 
1 

3 
1 
2 
3 
7 
1 
3 

• • • 

• • • 

2 

3 

4 

1 

2 
o 

t • • 

1 
1 

• • • 

41 


10 


n 


12 


13 


u 

1 
4 

• * • 

1 

• • • 

2 
1 

• • • 

• • • 

• • • 

1 

5 
2 
1 

• • • 

• • • 

2 
4 
1 

25 


is 

• • • 

• • • 

1 

• • • 

2 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 
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• • • 

1 

• • • 

• •  

1 

G 


16 

• • • 

1 

• • • 

o 

ml 

1 
1 

• • • 

1 

• • • 

• • • 

• • * 

• • • 

• • • 

• • • 

• • • 

1 

• • • 

7 


17 

• • • 

1 

• • • 

• • • 
 • • 

• • • 

• • • 

1 

• • • 

1 

• • • 

1 

• • • 
• • • 

1 
1 

• • • 

1 

G 


18 

• • • 

• • • 

• • • 

1 

• • • 

1 

• • • 

1 

• • • 

2 

• • • 

• • • 

• • • 

• • • 

1 

• • • 

• • • 


19 
1 

• • • 

• • • 

l 

• • • 

• •  

• • • 

i 

• • • 

• • • 

• • • 

l 
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• • • 

• • • 

• • • 

• • • 


20 

• • • 

• • • 

v> 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

1 
1 

• • • 

• • • 

• • • 

• • • 

1 
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G 


21 

• • • 

t • • 

1 

... 1 

1 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 
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• • • 

• • • 

1 

• • • 

• • • 

1 

• • • 

4 




1 

— 1 a.m. 

!-* i 

2— 3 

3— 4 i 
4 5 ! 
5-G 

(i— 7 

7— 8 

8— 9 
9—10 

10—11 
11—12 

— 1p.m. 

1— 2 

2— 3 

3— 4 

4— 5 

5— G 
G— 7 

7— 8 

8— 9 
9—10 

10—11 
11—12 


• • • 

1 
2 
1 

O 

*a 

3 
2 

• • • 

• • • 

• • • 

1 
2 
1 
1 
3 
2 

• • • 

1 

• • • 

3 
1 

• • • 

• • • 

4 
30 


• • • 

2 
o 

m • • 

• • • 

4 

• • • 

2 

• •  

1 

• • • 

• •  

1 
2 
1 

• • • 

1 

• • • 

2 
1 

• • • 

• • • 

1 
1 

21 


• • • 

1 

• • • 
 • • 

1 

• • • 

1 

1 

1 
O 

m* 

1 

• • • 

1 
1 

2 

• • • 

1 
1 

• • • 

• • • 

2 

• • • 

1 
3 

20 


• • • 

1 

• • • 

] 

• • * 

1 
1 

2 
1 

•  • 

• • • 

• • • 

1 
1 
1 

• • • 

1 

• • • 

• • • 

1 
1 
1 

14 


3 
15 
12 

9 

i 9 

17 

9 
12 
10 
15 

G 
11 

4 
12 
13 

8 
10 

4 
10 
11 

K 
12 
10 


Sum 


6 


5 


233 
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TABLE XVU.-MONTHLY AND YEARLY NUMBER OF EARTHQUAKES 
INSTRUMENTALITY RECORDED IN TOKIO FROM JANUARY, 

1876, TO DECEMBER, 1893. 



^Month 


I 

3 


n 
4 


III 


IV 


V 


VI 


vn 


vni 


IX 


X 


XI 


XII 


sum 


1876 


6 


11 


5 


3 


3 


5 


3 


3 


4 


6 


56 


1877 


4 


a* 




6 


5 


8 


9 


6 


4 


1 


8 


6 


9 


71 


1878 


3 


8 


7 


2 


5 


4 


4 


1 


2 


4 


6 


4 


50 


1879 


6 


7 


14 


 • • 


9 


4 


3 


4 


1 


7 


6 


9 


70 


1880 


9 


9 


6 


6 


2 


9 


8 


4 


1 


3 


10 


10 


77 


1881 


13 


8 


8 


8 


4 


3 


3 


3 


2 


3 


3 


8 


66 


1882 


4 


7 


15 


6 


3 


2 


2 


1 


1 


4 


1 


• • • 


46 


1883 


6 


• • • 


3 


3 


6 


2 


3 


1 


• • • 


1 


3 


4 


32 


1884 


5 


2 


8 


2 


9 


4 


1 


4 


2 


8 


8 


15 


68 


1885 


7 


9 


8 


4 


3 


6 


• • • 


3 


8 


10 


3 


7 


68 


1886 


3 


3 


3 


2 


8 


4 


2 


8 


7 


4 


2 


8 


51 


1887 


10 


4 


3 


8 


13 


5 


6 


2 


10 


•  • 


5 


14 


80 


1888 


4 


15 


7 


7 


11 


9 


9 


7 


11 


4 


13 


4 


101 


1889 


5 


16 


11 


18 


13 


7 


5 


8 


7 


8 


9 


6 


113 


1890 


5 


5 


6 


15 


14 


5 


12 


7 


4 


8 


10 


2 


93 


1891 


1 


4 


6 


7 


10 


7 


8 


4 


4 


45 


12 


15 


123 


1892 


9 


9 


2 


7 


8 


6 


7 


2 


4 


10 


4 


5 


73 


1893 


6 

103 

5.8 


4 


3 


7 
118 
6.6 


11 
142 

7.9 


9 


4 


3 


5 

73 

4.0 


3 
133 

7.4 


3 
108 

6.0 


1 

127 
7.0 


59 


Sum 


119 
6.6 


122 
6.8 


98 
5.4 


86 
4.8 


71 
4.0 


1300 


Average 


72.2 



Xote. — The greatest monthly earthquake number, namely 43, occurred in October, 1891. Of 
this however, 23 took place within the last four days of the month, being due to the residual 
effect of the great Mino-Owari Earthquake. We may take (45-28)X$=l9 as the proper 
nnmher of shocks for October, 189 1. Making this modifievtion, the total nuinlxir for 1891 
Incomes 97, and the average monthly number for October becomes G. These latter values 
have been used in drawing curves, Figs. 18, (4) and 20. 
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ERRATUM AND NOTE. 



Page 150, line 7, for September 8th to 21st read, 8th to 21st, September. 



Note to Table XIX. — The numbers given in this table include those of the after-shocks of 
the Kumamoto earthquake of July 28th, 1889. When the shocks which happened at 
Kumamoto during the latter half of 1889 are excluded, the monthly distribution of 
earthquakes becomes as follows. 



Month. 


I 


II 


III 


IV 


V 


VI 


VII 


vm 


IX 


X 


XI 


XII 


Number 
of eqkes. 


51 


57 


51 


49 


65 


43 


43 


42 


43 


45 


57 


48 



The curve of monthly earthquake frequency [Fig. 21, (5)] has been drawn from the abovo 
modified data. 
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TABLE XIX.— HOURLY DISTRIBUTION OF 3842 EARTHQUAKES 
IN JAPAN DURING 6 YEARS, FROM 1885 TO 1890. 





I 


II 


III 


IV 

11 


V 


VI 


VII 


VIII 


IX 


X 


XI 


XII 


sum 


n.ui. 

0— l 


8 


13 


5 


11 


13 


10 


11 


7 


7 


28 


9 


la:) 


1— 2 

i 


11 


18 


G 


9 


9 


10 


12 


12 


16 


17 


14 


19 


153 


2— 3 


17 


12 


17 


14 


16 


9 


26 


29 


23 


13 


19 


10 


•211 


3-4 


13 


11 


13 


18 


22 


10 


12 


29 


10 


11 


12 


15 


170 


4-5 i 


13 


1G 


7 


6 


24 


8 


9 


16 


11 


9 


10 


10 


139 


5- C 


13 


14 


15 


11 


26 


8 


15 


17 


12 


16 


10 


9 


100 


(5— 7 


12 


1G 


15 


11 


16 


11 


12 


12 


14 


15 


9 


10 


1 53 


7— a 


13 


9 


10 


19 


15 


18 


9 


15 


12 


15 


16 


11 


102 


8— 9 ; 


12 


13 


11 


9 


20 


7 


9 


15 


18 


8 


16 


13 


151 


9—10 


12 


14 


16 


7 


17 


14 


11 


16 


10 


14 


18 


8 


157 


10—11 


1G 


12 


10 


11 


14 


11 


7 


12 


16 


11 


7 


12 


130 


11—12 


10 


14 


18 


12 


16 


16 


10 


12 


10 


8 


10 


19 


155 


p.m. 

0— 1 


13 


9 


8 


10 


14 


8 


9 


15 


18 


9 


25 


13 


151 


1— 2 


9 


18 


12 


21 


24 


16 


11 


20 


11 


14 


19 


11 


180 


2— 3 


13 


9 


22 


22 


20 


13 


17 


21 


11 


10 


17 


13 


188 


3— 4 


8 


24 


12 


18 


13 


7 


12 


22 


14 


7 


1G 


9 


1G2 


4— 5 


6 


8 


12 


15 


14 


6 


11 


20 


13 


15 


15 


9 


144 


5— G 


17 


14 


13 


11 


11 


12 


10 


10 


9 


10 


7 


8 


132 


G— 7 


13 


10 


16 


7 


12 


8 


4 


15 


11 


16 


12 


11 


135 


7— 8 


1G 


10 


17 


9 


16 


10 


9 


13 


10 


16 


14 


16 


150 


8— 9 


13 


13 


13 


12 


14 


4 


9 


11 


10 


15 


25 


14 


153 


9—10 


15 


19 


11 


8 


21 


17 


18 


17 


14 


11 


15 


18 


184 


10—11 


14 


23 


16 


12 


15 


13 


7 


13 


6 


24 


16 


26 


185 


11—12 


1G 

303 


21 

340 


13 

308 


10 

293 


11 


10 


11 


19 


12 


16 


19 


13 

312 


171 


Sum 


391 


259 


270 


392 


298 


307 


369 


3842 
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TABLE XXL-YEARLY SEISMIC " ACTIVITIES" IN SWITZERLANI 
THE VESTTVIAN DISTRICT, SICILY, AND THE BALKAN PENINSUL 
AND NEIGHBOURING ISLANDS, FROM 1885 TO 1883. i 



Year ^~""^-- 


Switzerland 


Vesovian 
District 


Sicily 


Balk. Pkkik. 


sum 


1805 


8 


45 


21 


38 


112 


18GG 


7 


24 


19 


104 


154 


18(57 


13 


2G 


8 


100 


147 


18G8 


23 


16 


8 


19 


6G 


18G9 


14 


62 


12 


28 


110 


1870 


19 


51 


G 


25 


101 


1871 


25 


27 


C) 


23 


81 


1872 


1 


3 


• • • 


9 


13 


187:$ 


1 


• • • 


1 


53 


55 


1874 


3 


23 


1G 


9 


51 


1875 


3 


8 


5 


.) 


21 


187G 


7 


55 


33 


12 


107 


1877 


7 


17 


G 


4 


34 


1878 


9 


11 


3 


6 


29 


1879 


11 


8 


18 


11 


48 


1880 


33 


i) 


26 


14 


82 


1881 


G5 


8 


7 


17 


97 


1882 


40 


• • • 


5 


17 


G2 


1883 


24 


3 


21 


23 


71 


Sum 


313 


396 


221 


517 


1447 



1. The data are taken from Fuchs' " Statistik der Erdbeben." It is difficult to count 
act numbers of earthquakes from the Catalogue, and the figures in the table, which are intc 
ed to represent seismic •' activities/* are merely the numbers of days in successive* years on w) 
one or more shocks have been recorded. 
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Note on the Ccalomic Cavity of the Spider. By E. Kwhinouyk, Rigaku* 
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